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PREFACE. 


This little book is intended for college students, to 
whom but little time is allotted for the study of the 
natural sciences. It is to be a companion to the general 
laboratory work outlined in the elementary text-books 
on practical zoology. Its contents are based upon the 
larger text-books of Professors Arnold Lang, Berthold 
Hatschek and Korschelt and Heider, which present the 
latest results of morphological research not yet published 
in the English language. We adopted Arnold Lang’s 
classification, because it is the most complete of the latest 
systems. The embryological element preponderates on 
account of its importance for modern thought in general. 
Every college graduate ought to be acquainted with the 
fundamental principles of a science which has revolu- 
tionized the philosophic systems of the past, and given 
rise to a more rational treatment of the various disci- 
plines of a college curriculum. 

Special thanks are due to Dr. John A. Ryder, Professor 
of Comparative Embryology, at the University of. Penn- 
sylvania, for valuable assistance rendered in the critical 


reading of the proof. . 
| ak Se Se 
Lancaster, Pa., November, 1892. 


HRRATA. 


Page 17, line 1: sfeczes instead (species). 

Page 30, line 22: omit ‘‘ always and.”’ 

Page 30, line 24: essential part of the egg instead egg- 
cell. 

Page 89: heading ought to be Cuzdaria. 

Page 110, line 8: A7vchiannelida instead Archiamelida. 

Pages 119-143: heading on both sides ought to be 
Vermes instead Cheetognatha. 

Page 121, line 1 3: median line this instead medium 
live the. 

Page 226, line 3, from below: Se dace in- 
stead Ophistobranchiata. 

A number of minor oversights are here omitted. 
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INTRODUCTION. 


$I. Plant and Animal. The aim of Zodlogy is the 
study of animal life. The question arises: What is an 
animal? ‘The answer to this question is simple, when 
dealing only with the more highly developed organisms; 
itis extremely difficult, when dealing with the lowest 
forms of life, because the starting point of all organic life 
and formation, is the cell. The simplest organisms, the 
lowest animals and plants, are cells. Every larger 
animal is at the beginning of its individual existence a 
cell, and every higher organism is composed of cells, 
which are the result of the reproduction of one cell.* 

The cell is the organic individual of the first order. 

Excepting the lowest organisms, a cell generally mul- 
tiplies and forms communities or states, which thus com- 
pose zzdividuals of a higher order. Every higher organ- 
ism, every bird, every fish, etc., is such a community of 
cells. In it the closely connected cells divide the com- 
mon labor, one assuming the discharge of one function, 
another of another function, according to its particular 
ability. 

Every cell consists of two essential constituents: (1) 
the protoplasm; (2) the nucleus. The latter may be con- 
sidered as a special differentiation of protoplasm. Chemi- 
cally considered, protoplasm is a complex albuminous 
carbon compound, not yet sufficiently analyzed, whose 
constituents constantly change during life, although only 


- *See Arnold Lang’s “‘Die Zelle,” 
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within infinitesimally small limits. It is in a condition 
of sluggish motion and capable of swelling. The nucleus 
is a chemical and physical differentiation within the 
protoplasm. It is an essential part of the cell, in whose 
reproduction it playsan important part. Recent observa- — 
tions prove that the removal of the nucleus destroys the 
cell: The addition of a nucleus toa non-nuclear plasma 
portion produces characteristic phenomena, which other- 
wise would not have arisen. 

There are minute lumps of. protoplasm, representing. 
the simplest organisms, in which as yet no nucleus has 
been observed. Should the non-nuclear character of 
these beings be proved, they would have to be ranked 
below the cell, namely among the cytodes. Haeckel has 
classified these simplest organisms as Monera. 

A frequent, however not essential, part of the cell, is 
the cell skin or membrane, an excreted product of proto- 
plasm, which serves as an external protection or sup- 
port. Such a membrane can likewise originate through 
the hardening and metamorphosis of the peripheral — 
layers of protoplasm. 
_ A single cell (one-celled organism, ovum) is. originally 
fitted for all those activities and functions, which are 
. comprehended under the idea of life. 

The life of a cell manifests itself in the simplest, most 
undifferentiated case: 

1. In motion. Protoplasm is contractile. Its finest 
visible parts can exchange position. The cell is capable 
of changing its form and position in space. 

2. In irritability. The cell reacts through such mo- 
tions upon effects from the outside. 

3. In metabolism. Through the activity of life the 
substance within the cell is used up, decomposed, The 
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useless material is excreted (excretion). Through the 
reception of food new substances are added to the cell. 
These are digestible, when they can be assimilated by 
the chemical action of the cell, and changed into con- . 
stituent parts of protoplasm (assimilation). If this is 
chemically impossible, these substances are indigestible, 
and are again eliminated from the body. é 

4. In growth. ‘Through nourishment more _ proto- 
plasmic parts may be formed than there are originally 
present. Asa consequence, the cell increases in mass 
and size; it grows. 

5. In veproduction. It may be supposed that the size 
of the cell is individully limited. If it grows beyond the 
individual measure, it divides into two cells. Reproduc- 
tion by division. Each of the two parts has the same 
physical and chemical properties as the mother-cell. 
Simplest case of heredity. ‘Through growth the See 
cell reaches the szze of the mother-cell. 
_ Now, since the cell is the starting point, both for 
animals and plants, it is easily seen, that there can be no 
distinct line of demarkation between the two kingdoms in 
their lower forms. Haeckel has, therefore, established az 
intermediate kingdom, consisting of the lowest organ- 
isms, the kingdom of Protists. However, there exists 
not even between these protists on the one hand andthe 
animals and plants on the other, a sharp line of distinc- 
tion. Chiefiy in the method of taking in food, some of 
the protists approach more nearly the plants, others more 
nearly the animals. The latter are called Protozoa in 
contra-distinction from all the other animals, the Wetazoa. 

$ II. It is very important to note that the foregoing 
results are of comparatively modern date. To under- 
stand and appreciate them well, it is necessary to know 
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something of the historic development of Biological Science. 
Aristotle (4th century B. C.) is generally acknowledged 
as the founder of this science. He wrote treatises on the 
‘Reproduction of Animals,’ ‘“‘ Parts of Animals, and 
History of Animals.’’ ‘The last named is only incom- 
pletely preserved. ‘These titles alone indicate the philo- 
sophic comprehensiveness of the work, touching even 
then upon the embryology, morphology and physiology 
of animal life. He divided the animals into eight 
groups: 

Animals with blood, Vertebrates— 

1. Viviparous animals, (four-footed, including whale); 
2. Birds; 3. Oviparous, four-footed animals; 4. Fishes. 

Animals without blood, Invertebrates— 

5. Soft animals (Cephalopoda). 6. Soft animals with 
shells; 7. Insects; 8. Shelled animals, (Echini, snails 
and mussels). 

The two main divisions rest, of course, on an erro- 
neous idea since all animals have blood, the inverte- 
brates only lacking red corpuscles. This system reigned 
supreme till the end of the Middle Ages. Even the 
modern systems since Ray and Linnzeus are based 
upon it. It was, however, not until the renaissance of 
the sciences in the 16th century that the works of 
Aristotle again came to the front, and the desire for 
experimental independent observation was aroused. 
The splendid discoveries of Harvey, Kepler and Newton 
in physics, of Swammerdam, Malpighi, Leeuwenheek, 
Hamm, and others in natural history, offered a prepara- 
tion for the labors of Carl Linn@eus (1707-1778), whose 
system forms the starting point for all modern systems. 
Ray, before him, had introduced the conception of species 
and the consideration of anatomical characters as the 
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basis of classification; however he lacked methodical 
arrangement. The importance to the development of 
science of Linneus’ work depended entirely on his acute 
sifting and exact division of the then existing facts, and 
on the introduction of a new method of more certain 
diagnosis, nomenclature and arrangement. He looked 
upon the whole animal world as a single ascending series 
of forms, and advanced the doctrine of the unt-serial 
arrangement of the animal kingdom, erecting for groups 
of different value, a number of categories based on the 
ideas of species, genus, order, class. Every animal 
received two names taken from the Latin language, the 
“generic name, which was placed first, and the specific 
name Thus, by the introduction of binary nomen- 
clature, he created asystematic framework, not only for 
the facts known then, but for all the discoveries of the 
future. His great work, ‘‘Systema Nature,’’ is noth- 
ing more than an exhaustive catalogue of all the then 
known specimens of animals, plants and minerals, with 
a statement of their most remarkable characteristics. 
Thus his systems of classification, both in botany and 
zoology, are artificial, resting merely on isolated features 
of internal and external structure. His division of 
animals into six classes is founded on the structure of 
the heart, the condition of the blood, manner of repro- | 
duction and respiration. 

Cuvier’s conception of the different structures of ani- 
mals opened up a new epoch of zoological systems, 
George Cuvier, born at Mompelgard, in 1769, Professor - 
of Comparative Anatomy at the Jardin des Plantes in 
Paris, published his investigation, especially in his 
‘*Lecons d’Anatomie Comparée’’ (1805). In his new 


and essentially changed classification, he made the first 
B* / 
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serious attempt to build up a natural system, based 
entirely upon the idea of the correlation of parts. Recog- 
nizing the reciprocal dependence of the individual 
organs, he found, by comparing the organizations of 
many different animals, that the important organs are 
the most constant, and that the less important vary most 
in their forms and development, and are not even uni- 
versally present. Thus he became convinced that there 
were in the animal kingdom four main types, ‘‘general 
plans of structure, on which the respective animals ap- 
pear to be modelled.’’ These four groups were the 
Vertebrata, Mollusca, Articulata and Radiata. Wemay 
therefore call Cuvier’s doctrine, the doctrine of the parallel 
series in opposition to the School of Natural’ Philosophy 
in France, led by Geoffrey St. Hilaire, who maintained 
the unity of the plan of animal structure. Cuvier’s 
principles met with the more undivided assent since they 
seemed to be affirmed by Cavl Ernst von Baers em- 
bryological work. In our times, however, Cuvier’s view 
has experienced an essential modification in favor of the 
natural philosophers. Comparative anatomy found as- 
cending grades of organization in the vertebrates of the 
present; paleontology discovered a corresponding grada- 
tion in the vertebrates of the past; and embryology re- 
vealed the same serial gradation in developmental stages. 
The discovery of this most remarkable parallelism be- 
tween the three series, the anatomical, the paleontolog- 
ical and the embryological, is one of the most brilliant 
in the whole history of biology, and one which is to be 
placed to the credit of Louzs Agassiz. The absolute in- 
dependence Snd isolation of each group must be given 
up. But just as the transitional forms between animals 
and plants cannot abolish the distinction between these 
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. Cl. Vermes. 


Linnzus’ System. 


_Cl. Mammalia. 


Ord. Primates, 
Ferz, Glires, Pe- 
cora, Belluze,Cete 

Cl. Aves. 

Ord. Accipitres, 
Pice, Anseres, 
Gralle, Galline, 
Passeres. 


Cl. Amphibia. 


Ord. Reptiles, Ser- 
pentes, Nantes. 


) Cli Pasces: 


Ord. Apodes, Jugu- 
lares, Thoracici, 
Abdominales. 


. Cl. /nsecta. | 


Ord. Coleoptera, | 
Hemiptera, Lepi-, 
doptera, Neurop- 
tera, Hymenop- 
tera, Diptera, 
Aptera. 

Ord. Intestina,Mol- 
lusca, Testacea, 
Lithophyta, Zoo- 
phyta. 
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Cuvier’s System. V. Siebold’s System. | Teuceatls System. 
| 1848 


1845- 


|A. Protozoa 


1. Cycle: Vertebrata. I. Protozoa. 
1. Cl. Mammalia. 1. Cl. Infusoria. separated fr 
2. Cl. Aves. 2, Cl. Rhizopoda. other animals.) 
3. Cl Reptilia Il. Zoophyta. | ‘I. Coelenterata. 
4. Cl. Pisces. 3. Cl. Polypi (An-, 1. Cl. Polypi. 

2. Cycle: Mollusca. | thozoa, Bryozoa.) 2. Cl. Acalephee. 
1. Cl. Cephalopoda. 4. Cl. Acalephe. (II. Echinodermata. | 
2, Cl. Pteropoda. 5. Cl. Echinoderm-| 3. Cl. Pelmatozoa. |4. 
3. Cl. Gasteropoda. ata. (Ord. Cystidea, 
4. Cl. Acephala. ‘III. Vermes. | Crinoidea. ) 
5. Cl. Brachiopoda. 6. Cl. Helminthes. | 4.Cl. Actinozoa. | 
6. Cl. Cirrhopoda. 7. Cl. Turbellarii. (Ord. Echinida,|5. 


Asterida.) | 


3. Cycle: Articulata.| 8. Cl. Rotatorii. 
5. Cl. Scytodermata} 


1.Cl. Annelides. | 9. Cl. Annulati. 
2. Cl. Crustacea. \IV. Mollusca. 


| 
| (Ord. Holothuriz| 


Claus’ System. 
1887. 


(to ber. Protozoa. 
om the 2. Coelenterata. 


(Spongiaria, Cni- 
daria.) 
3. Echinodermata. 


Appendix: Entero-| 


pneusta. 

Vermes (Platyhel- 
minthes, Nemathel- 
minthes, Annelides 
Rotatoria.) 


acea, Arachnoidea, 
Onychophora, My- 
riopoda,Hexapoda) 


Arthropoda (Crust-| 


| 
| 
| 
| 
| 
| 
| 
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r. Sect. Malacos-| 10. Cl, Acephala. and Sipunculi-|6. AZollusca. 
traca. (Tunicata, Brach-| da.) 7. Molluscoidea (Bry- 
2. Sect. Entomos-| iopoda andiIIl. Vermes. \ozoa_ [endoprocta| 
traca. Lamellibran-| 6. Cl. Anenterati. | and ectoprocta] 
3. Cl. Arachnides. chiata.) (Ord. Cestodes,) Brachiopoda.) 
4. Cl. Insecta. | i Cl Cepha lo-| Acantocephali.)|8. Tunicata. 
Ord. Myriapoda, | phora. | 7. Cl. Apodes. lo. Vertebrata. 
Thysanura,ete. 12. Cl. Cephalopoda| (Ord. Nemertini, 


Turbellarii, Tre- 


. . Dipterea. V. Arthropoda. | 
4. Cycle: Radiata. 13. Cl. Crustacea. | matodes, Hirud- 
1.Cl. Echinoderma-, 14. Cl. Arachnida. | inei.) 
ta. 15. Cl. Insecta. | 8. Cl. Ciliati. 
| 


(Ord. Bryozoa, 
Rodiferi.) 
g. Cl. Annelides. 
(Ord. Nematodes, 
Lumbricini, 
Branchiati.) 
IV. Arthropoda. 
to. Cl. Crustacea. 
11. Cl. Insecta. 
V. Mollusca. 
12, Cl. Tunicata (!) 
13. Cl. Acephala. 
14. Cl. Gasteropoda 
15. Cl. Cephalopoda 
VI. Vertebrata. 


2. Cl. Intestina. \VI. Vertebrata. 
(Ord. Nematoidea| 
Parenchymata) | 
3. Cl. Acalephee. | 
(Ord. Simplices,| 
Hydrostaticee). | 
4. Cl. Polypi. 
5. Cl. Infusoria. 
(Ord. Porifera, 
Homogenea.) | 


| 
| 
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| 


Haeckel-Hatschek. 
1888. 


A. Protozoa. 
B. Metazoa. 
a. Protaxonia (—Ccelen- 
terata.) . 
I. Type, Spongiaria. 
1. Clad.Spongiaria. 
II. Type, Cuidaria. 
2. Clad. Cnidaria. 
1. Cl. Hydrozoa. 
2. Cl. Seyphozoa. 
App. Planuloidea. 
III. Type, Clenophora. 
3. Clad. Ctenophora 
b. Heteraxonia. 
(=Bilateria.) 
IV. Type, Zvgoneura. 
1. Subtype: Antos- 
colecida. 
4. Clad. Scolecida. 
. Cl. Platodes. 
. Cl. Rotifera, 
. Cl. Endoprocta 
. Cl. Nematodes 
.Cl. Acantho- 
cephali. 
App. Nemertini. 

2. Subtype: Aposcoleci- 
da. (Metanephrido- 
zZ0a.) 

5. Clad. Articulata. 
1. Cl. Annelida. 
App. Sipunculoidea. 
App. Chaetognathi. 
2.Cl.Onychophora 
3. Cl. Arthropoda. 
6. Clad. Tentaculata 
(=Molluscoidea.) 
1 Cl. Phoronida. 
2. Cl. Bryozoa 
(ectoprocta.) 
3.Cl.Brachiopoda 
7. Clad. Mollusca. 
1. Subclad. Aim- 
phineura. 
2. Subclad. Con- 
chifera. 
V. Type. Ambulacra- 
lia. 
8. Clad. Echinoder- 
mata. 
g. Clad. Enterop- 
neusta. 
VI. Type, Chordoniz. 
1o. Clad. Tunicata. 
11. Clad. Leptocardii 
12 Clad. Vertebrata. 
1 Subclad. Cyclo- 
stomata. 
2. Subelad. Gna- 
thostomata. 
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two most important conceptions of the organic kingdom, 
so the existence of such transitional forms does not in 
any way affect the value of the idea of groups and types 
as the chief divisions of the animal system; but only 
renders it probable that the different groups have 
developed from a similar or common standing-point. It 
_ was left for Charles Darwin to show that the coincidence 
pointed out by Agassiz between the geological succes- 
sion, the embryonic development and the zoological 
gradation held also in the geographical distribution of 
animals in the past and the present, and to found the 
interpretation of the fact now universally accepted. 
Descent was seen to be ‘‘the hidden bond of connection,”’ 
and embryonic development came to be regarded as the 
epitomized history of ancestral development. ‘‘In two 
or more groups of animals, however much they may 
differ from each other in structure and habits in their 
adult condition, if they pass through closely similar 
embryonic steps, we may feel assured that they are all 
descended from one parent form.’’ So we find that the 
higher groups are genetically to be derived from the 
worms, etc. Thus embryology came to have a higher 
value in classification than anatomy, and to take the 
place assigned to it by C. von Baer more than a half 
century ago as ‘‘the true torch-bearer in the investiga- 
tion of organic bodies.’’ : 

Under such circumstance we find it convenient to 
place the different methods of classification side by side, 
in order to show the difference of the various principles 
which govern the methods up to the present time. (See 
the table.) It will be noticed that the last ones represent 
no longer parallel series, but a genealogicaltree. Inthe 
book itself the latest classification of Invertebrates as 
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givenin Prof. Arnold Lang’s ‘‘Lehrbuch der Vereleieeaae 
den Anatomie’’ has been adopted, whilst the classifica- 
tion of Vertebrates is taken from Prof. EK. D. Cope’s. 
‘‘ Synopsis of Vertebrate Palzeontology.’’ 

The above table shows that Hatschek’s classification is 
decidedly distinct from that of his predecessors. It is 
chiefly based upon modern embryological investigation, 
first begun (1870) by Kowalevsky. Haeckel was the 
first one to point out their great importance for classi- 
fication. The systematic significance of his gastreea 
theory culminates in the following important fact: ‘‘ The. 
whole animal kingdom is divided into two great series 
separated by the gastrula; on the one side, the Pvrofozoa 
(Urthier); on the other, in sharp contrast, the six higher 
animal pranck ys: which may be termed the MWefazoa or 
Blastozoa.’’ ‘The morphological significance of this ap- 
parently simple division may be comprehended in this 
statement. All higher animal branches are derived from 
the gastrezea, a form common to all, which possesses a. 
monaxial body, whose cavity opens at one pole through 
the primitive mouth, and whose body wall consists of 
two cell strata the exoderm and the endoderm. Al-. 
though Haeckel’s attempts to define the relations of the 
different types more closely, partly failed, a whole series 
of similar investigation followed, some of which will be 
of lasting value, e. g., the hypothesis, that the verte- 
brates are derived from the annelids, established by 
Semper. 

Principles of Morphology.* 


Biology, or the science of the organisms, comprises 
two sub-groups: Physiology, dealing with the fnnetions 


*See Hatschek’s ‘“‘Principien der Morphologie.” 
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B 
of life, and W/orphology, dealing with the structure (in- 
ternal and external) of organisms. 

Physiology either treats of the special relation of the 
form of an organism to its physiological functions, when 
it is called physzological anatomy, or it sets forth general 
principles which govern the formation of typical organi- 
zation, e. g., the functions of the bilateral or the radial 
structure of living beings, when it is spoken of as physz- 
ological Morphology or it may have reference to the laws 
of mechanics, nourishment or growth in the develop- 
ment of structures; as such it is termed physiological 
embryology. 

Morphology, in the special sense of the word, or Gene- 
alogical Morphology is the name of that science which 
exclusively treats of the structure of organisms, and their 
relation to common ancestral forms. 

Morphology may therefore be subdivided into compar- 
ative anatomy and comparative embryology (comp. onto- 


geny). 
PRINCIPLES OF COMPARATIVE ANATOMY. 


The theory of descent firmly established the principles 
of comparative anatomy. ‘The distinction between ho- 
mology and analogy is here of special importance. 

The term homology is used to designate identity of 
descent of certain organisms, i. e., in the sense of 
homophyly. Analogy is used to designate the similarity 
of structure in organisms of different descent, but of the 
same physiological function, e. g., homologues are the 
anterior extremities of all vertebrates, although they may 
physiologically vary as fins, feet or wings. Homologous 
are the swimming bladder of the fish and the lung of 
higher vertebrates. Analogous, however, are the feet of 
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a vertebra, and those of an insect, or the wings of an 
insect and those of a bird; so the wings of bats are only: 
homologous as anterior extremities ; in their structure 
as wings they are analogous. Further, the lungs of a 
vertebrate and the trachez of an insect are analogous ; 

so also the highly developed eye of a cephalopodon and 
that of a vertebrate. 

flomodynamous organs are organs of the same kind 
repeated in the same animal, e. g., the anterior and pos- 
terior or extremities of a vertebrate animal; homotypi-— 
cal are the organs repéated on either side of a bilateral 
or in the rays of aradial animal. 


PRINCIPLES OF COMPARATIVE EMBRYOLOGY (BIOGENETIC 
LAW). | 


Distinctions between homology and analogy are here 
of even greater importance than in comparative anatomy. — 
It must be maintained of all plants and animals save the 
simplest unicellular organisms, that each one is repre- 
sented during life not merely by one fixed structural con- 
dition, but by a series of such conditions, although one 
is always predominant for a longer period, generally that 
in which reproduction takes place. This is especially 
true of the multicellular organisms, where the unicellu- 
lar ovum gradually differentiates into a complex variety 
of tissues and organs. Comparative embryology, there- 
fore, treats not of comparisons of single structual condi- 
tions, but of series of such conditions. Already at the 
beginning of the 19th century we find it stated that the 
higher animals pass in their development, through stages 
which in their structure correspond to certain lower ani- 
mal forms. C. KB. v. Baer elaborated that idea further, 
and the theory of descent created new interest in it, until 
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Fritz Miller, in 1864, found what we may call the for- 
mula for comparative embryology which is valid to this 
very day. 

‘*The historical manuscript (of the development of tite 
ancestors) preserved in the history of development (of 
individuals) gradually fades with the steadily straighten- 
ing course of development from the egg to the complete 
animal; and it is frequently forged through the struggle 
for existence, which the larvee of independent modes of 
living have to undergo. The primitive history of the 
species (phylogenesis) will be so much more complete in 
the history of its development (ontogenesis), the larger 
the series of immature condition is through which it has 
to pass pari passu, and so much more faithful the less the 
mode of living among the different stages differs, and 
the less it is found, that the peculiarities of the different 
immature conditions are retrogressions from later epochs 
or are independently required. (Fur Darwin, Leipzig. 
1864, p. 77- 78.)’’? Thus the embryonic character de- 
pends upon its ability of further development. Ernst 
Haeckel deserves the credit of having been the first one 
who introduced this theory methodically, e. g., in his so- 
called ‘‘Gastrzeea Theory,’’ where he endeavors to ex- 
plain phylogenetically the first stages of development, 
and to prove the relation of all metazoan organisms to a 
common ancestral form, the gastrza. 

The theory of the parallelism of individual develop- 
ment with the historical development of the species was 
termed by Haeckel ‘‘Fundamental Law of Biogenesis,’’ 
and expressed in the sentence: Oxtogeny ts a short re- 
petition of Phylogeny. He divides the phenomena into 
palingenetic which repeat the phenomena of a once de- 
veloped ancestral form, and into cenogenetic phenomena 
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which arose by adaption to the embryonic or larval life. 
Hatschek, a pupil of Haeckel, has further developed 
and modified these theories, reaching the conclusion that 
the phylogenetic changes occur in most cases through an 
addition of new stages to the end of the ontogenetic 
series of forms. He explained this by maintaining that 
since, in his opinion* only those new characteristics are 
transmitted, which originate through the variations of 
the reproductive cells, ‘‘overreaching varieties’’ must be 
accepted, which consist in a continuation of the ontogen- 
etic series of forms. ‘Therefore cenogenetic characters of 
ontogeny are just as important for the investigation of 
animal relationship as the palingentic characters. Care 
must be taken, however, that we do not go too far in 
these theories, makiug every larval or embryonic form, 
which is characteristic for a whole group of animals, the 
representative of a similar phylogenetic stage. 


Meaning of the System. . Categories of the System. 


It is easy to see that the system is based upon a szmz- 
larity of organisms which is different in degree. Know- 
ing that descent is the cause of similarity, we can easily 
understand that the actual basis of the system must be 
the genealogy of the organisms. ‘The system is an ex- 
pression of our views, referring to the relationship of 
organisms, a relationship based upon actual descent. 
The arrangement of the system, according to larger di- 
visions and smaller subdivisions, corresponds to the. 
branches and twigs, of the genealogical tree. The 
usual divisions or catagories are: kingdom (vegnuume), 
subkingdom (subregnum), also*called cycle, type or 
phylum; class (classis); order (ordo); family (familia); 
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genus, (species). The binary nomenclature of Linnzeus 
requires only the two last divisions in naming an organ- 
ism. 


MEANING OF SPECIES. 


The similarity of organisms increases the deeper we 
descend in the categories. The idea of species, how- 
ever, is not only based upon szmzlarity of form, but 
much more upon the relation of sexual intercommunion 
which takes place within the species. 

1. Szmilarity of the individuals of one species. Identity 
of cycles of forms, not of single forms, is the ontogenetic 
requirement. Complications arise through alternations of 
generation when the individual is repeated not in the 
cycle of one, but of two or more generations; further, 
through polymorphism, when one male is complemented 
by two or three females; or one female by two male forms; 
also through functional polymorphism, which is, e. g., 
found among the bees, where males, females and work- 
ers exist, or among the termites and ants, where there are 
more families of workers. 

Temporary changes conditioned by environment are, 
according to Nageli: Variations, and as such non- 
essential. Transmitted differences in the same individ- 
ual are varieties. If they occur only in one individual, 
they are zzdividual varieties; if in a large number of indi- 
vidual, race varieties, or simply vace or subspecies. 'The 
races are considered as the beginnings of the formation 
of new species. It is however, a matter of course that 
under certain conditions variations and varieties may 
belong to one and the same species. 

2. Perfect fertility within the species. Cuvier first em- 
phasized the necessity of perfect fertility.as an important 
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criterion of the species in the crossing of their individu- 
als. Perfect fertility is continuous through many gen- 
erations among the individuals of the same species. 
The individuals of different species of the same genus 
are only imperfectly reproductive, i. e., their fertility 
decreases and disappears within the next generation or. 
generations. An exception is the crossing of hare and 
rabbit. | | | 

The species is therefore not simply a sum of individuals, 
but rather a physiological unit formed by these individuals. 
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I Crass: Monera. Simplest organisms. Smalllumps 
of protoplasm of various, changeable form, in which 
nuclei have not yet been discovered. Locomotion and 
nourishment by means of either obtuse (amceboid) or 
pointed threadlike processes (pseudopodia). Repro- 
duction by fission or budding. All monera live in 
water. Protameba, Myxodiction, Protomyxa. 

II Ciass: Sarcodina. Unicellular organisms with 
one or more nuclei. Tocomotion and nourishment by 
means of changing, shorter or longer, threadlike, non- 
ciliating processes (pseudopodia). Reproduction by fis- 
sion or budding. : 

1. Subclass: Amebina. Sarcodina naked or enclosed 
in shells of changing form. Locomotion. and nourish- 
ment effected through the flow of the body and the 
formation of changing processes of short, leafllike form. 
Contractile vacuoles mostly present. Ameba proteus, 
Arcella vulgaris, Difflugia pyriformis, Quadrula symme- 
trica, [lyalosphenia lata. 

2. Subclass: Rhizopoda. Sarcodina whose protoplasm 
secretes a shell of varying form; at first mono-axillar, 
chitinous, mostly calcareous. Nourishment and locomo- 
tion through pseudopodia, which often fuse, forming a 
network. Contractile vacuoles mostly absent. 

A. I[mperforata. Shells one or many-chambered, hav- 
ing one or two larger openings through which proto- 
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plasm and pseudopodia protrude, not pierced by fine 
pores. JZ%iliola, Lituola, Gromia oviformts. | 

B. ferforata. Shells one or two-chambered, perforated 
in order to protrude pseudopodia. Globigerina, Rotalia. 

3. Subclass: Heliozoa. Sarcodina, naked or enclosed 
within silicious shell, with fine, somewhat stiff pseudo- 
podia, protruding in all directions. Contractile vacuoles 
mostly present in varying numbers. Actinophrys sol., 
Actinospherium. Acanthocystis, Clathrulina. | 

4. Subclass: Radiolaria. Body separated by a capsu- 
lar membrane; originally round or oval, into an external 
(extracapsulum) and an internal nuclear part (central 
capsule). The extracapsulum consists of non-nuclear pro- 
toplasm and a slimy envelope (calymma), whence their 
pseudopodia protrude in all directions. Skeletons of 
extraordinarily variable form, consisting of silica or.a 
chitinous organic substance, are rarely absent. Wonder- 
fully rich.in differentiations of form. Without contrac- 
tile vacuoles. Unicellular algae found with them. 
Family of Polycettaria forms colonies. 

A. Porulosa. Central capsule spherical, without main 
opening, with innumerable fine pores. 

I. Spumellaria. Nucleus central, dividing late. Skele- 
ton silicious or absent, never penetrating the intracapsu- 
lar protoplasm. TZhalassicolla, Collozoum, Spherozoum, 
Thalassoplancta, Collosphaera Dictyastrum. 

II. Acantharia. Nucleus extra centric, dividing early. 
Skeleton chitinous, radiating from the middle of the 
central capsul. Acanthometra, Phractaspts. 

B. Osculosa. Central capsule oval, main opening at the 
basal pole of chief axis. Skeleton silicious, always = 
capsular. Nucleus dividing late. 

III. Nassellaria. Capsular membrane simple, a porous 
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ring at the oral pole of the chief axis. Nassela, Cortina, 
Cornutella. 

IV. Pheodaria. Capsular membrane double, at the 
_ oral pole of the chief axis the osculum, which is closed 
by a radially striped cover, with a central drawn out 
opening. Pigment bodies in the calymma. Axlosphera, 
Aulactinium, Cannopilus, Challengeria. 

III Crass: Flagellata (Mastigopora). Organisms of 
one cell or of colonies of one cell, rank very low, allied 
to certain fungi. Possess one or more long flagella or 
cilia. With contractile vacuoles. Reproduction by fission 
or budding, often after preceding copulation of the re- 
productive individuals. 

I Order: Flagellata s. str. During active life provided 
with flagellee exclusively. Jonas, Euglena, Chilomonas, 
Eudorina, Pandorina, Stephanosphera, Volvox. 

II Order: Choanoflagellata. Flagellum surrounded at 
basis by funnel-like collar. Phalansterium, Salpingeca, 
Protospongia. 

III Order: Cystoflagellata. Protoplasm shows the net- 
ted structure of that of the plant cell. . Moctiluca, Lep- 
~todiscus. 

IV Order: Dinoflagellata (Cilioflagellata). Shelled 

forms. Outside of the freely protruding flagellum a 
second separate flagellum, moving in a special cross 
furrow of the body, formerly looked upon as a row of 
cilia. Peridinium, Ceratium. 
'-IV Ciass: Gregarinida. Parasitic protozoa of slender 
form. Always only one nucleus. Without pseudopodia,. 
without cilia, without contractile vacuoles, without 
special differentiation of protoplasm, with external cell 
membrane. Reproduction by spores after copulation or 
conjugation. 
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I Order: Monocystidea. Body simple. Monocystis (in 
earthworm). Uvospora. — 

II Order: Polycystidea. Body separated by a partition 
wall into protomerit and deutomerit. Nucleus in deuto- 
merit. Actinocephalus, Stylorhynchus, Clepsidrina. 
~V Crass: Infusoria (Ciliata). Unicellalar, rarely 
colonized protozoa, with cilia or cilia-like continuations 
for locomotion and nutrition. Mostly with contractile 
vacuoles, mouth and anus. With nucletis of various 
forms and peculiar paranucleus (falsely nucleolus). Re- 
‘production by fission, frequently by conjugation. 

I Order: Holotricha. Cilia covering the whole ‘body 
in rows. Paramecium, Trachelius. 

II Order: Heterotricha. Cilia in the region of the 
mouth grouped so as to form an adoral zone of large 
bristle or hook-like cilia. Spirostomum, Stentor, Freia, 
Balantidium. , 

III Order. Hyfotricha. Dorsal and ventral plane 
sharply divided. Chilodon, Euplotes, Stylonychia, Oxy- 
tricha, Urostyla. . 

IV Order: Peritricha. Body spherical or cylindrical, 
only partially ciliated. Cilia either in an adoral spiral 
or ina girdle.  Vorticella, Carchesium, Epistylis, Tricho- 
dina, Strombidium, Tintinnus, Ophrydium 

VI Crass: Suctoria (Acineta). Body usually without 
cilia (only when young); with knobbed tentacle-like 
processes, which serve as sucking tubes, through which 
they suck the protoplasm of other infusoria. Reproduc- 
tion by budding. Acineta, Podophrya, Dendrocometes. 

VII Crass: Catallacta. Only one genus and species; 
Magosphera planula. Free swimming in the sea. Coast 
‘of Norway. A spherical colony of pear-shaped cells, 
whose stems are united in the center, the external “sur- 
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face covered with cilia. Reproduction: the colony sep- 
arates into single cells. ° They sink to the bottom, be- 
come like amoeba, form a capsule and within this a new 
colony through successive fission. Afterwards the colony 
separates from the capsule. 

The protozoa are unicellular organisms or simple 
colonies of similar unicellular organisms. Frequently 
more than one nucleus appears. The morphological dif- 
ferentiation is developed to the highest degree i in some 
protozoa, so thata complication of structure arises, which 
-furnishes special provisions for every function of life, 
while the lowest protozoa accomplishes the same work 
with the simplest apparatus. Protoplasm flows around 
its food, assimilates, excretes, grows and divides in order 
to reproduce itself. Reproduction by fission. 4 

I. Protoplasm. The protoplasm of many protozoa is 
homogeneous. In the majority, however, a differentia- 
tion into a more firm, hyaline ectosarc and a more fluid, 
granular endosarc is observed. Only in the Radiolaria 
both parts are separated by a membrane with communi- 
‘cating openings of various contrivances. From the 
ectosarc are developed: the pseudopodia, cilia, flagella, 
sucking tentacles, cuticula, skeletons, contractile vacu- 
oles and the lasso-cells. In the endosarc are found: the 
nucleus, food vacuoles, excretion products, drops of fat 
or oil, gas bubbles and pigment granules. ‘The endosarc 
sometimes exhibits slow citculation. ‘The arrangement 
of the protoplasm resembles, especially in the Cysto- 
flagellata, that of the plants. Many flagellata contain 
chlorophyll or other similar pigments. 

Il. Locomotion. The Rhizopoda, Heliozoa, and Radio- 
laria,move and take food through pseudopodia. There are 
two kinds of such pseudopodia: myxopodia and axopodia. 
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The former are found among Rhizopoda and Radiolaria 
and are very flexible, whilst the latter are more or less 
stiff and not adapted to the formation of nets. 

Related to the pseudopodia are the flagella, vibrating 
processes of the extosarc, occurring among the Flagellata. 

Undulating membranes have been observed among the 
Flagellata. 

Cilza fine, vibrating, hair-like processes are character- 
istic for the Infusoria and the young of the Suctoria. 

At the base of the mouth of Noctiluca a large, slowly 
vibrating, 7zbbon-like flagellum has been observed. 

The Gregarinida have no organs of locomotion, the 
extosarc being differentiated into contractile and not 
contractile stripes. 

The Vorticella possesses a spirally moving muscle stem. 

The myophrysks of the Acanthometridz havethe power 
of contraction. 

The sucking tubes of the Suctoria are most closely 
related to the Suctoria. 

Ill. Membranes, shells, skeleton formations. Many pro- 
tozoa are naked. Others are covered by a chitinous 
membrane (e. g. Gromia). The infusoria are enveloped 
in a cuticula, which may harden into shells. ‘The com- 
plicated shell of the Dinoflagellata consists of cellulose. 
Jelly-like envelopes also appear. The marine Rhizopoda 
carry lime shells (originally chitinous membranes). The 
Heliozoa secrete a szlicious skeleton. The skeletons of the 
Radiolaria show wonderful complications; in some they 
are silicious and external, in others they are organic and 
central. ‘The protomerit, deutomerit.and epimerit of the 
Gregarinida, produced by partition walls, have already 
been mentioned. The cysts or capsules are formed for 
protection against atmospheric conditions. 
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IV. Apparatus for nutrition. ‘The organs of locomo- 
tion serve also for the apprehension of food. Only the 
Infusoria and certain Flagellata possess a mouth opening, ~ 
mostly surrounded by cilia and only noticed when food 
is conveyed to it. The same protozoa possess also an 
anus. . 

V. Apparatus for excretion. It is doubtful whether 
the contractile vacuoles really serve as organs of excre- 
tion. ‘Their number is varying. They are wanting al- 
together in the Rhizopoda, Radiolari, Gregarinida and 
Cystoflagellata. When there is only one it generally 
has a definite position. Before and during contraction 
they move to the surface, empty their contents and 
vanish. They arise again as small droplets. Perhaps 
they also serve purposes of vespiration, changing the 
water. é 

VI. Zvrichocystes. Small bladders with lasso threads 
occur in the ectoplasm of a few infusoria and of one 
Flagellate. 

VII. Stigmata or red eye spots are found singly in 
many colored Flagellata; their function is doubtful. 

VIII. Nucec are wanting in the monera. In the 
others there is either one or more than one present. 
They are situated in the endosarc, being either vesi- 
cular (differentiated) or homogeneous. Their form is 
very varying, especially among the Infusoria, where we 
find azucleus and a paranucleus. ‘The nucleus degenerates 
during or after copulation, the new nucleus forming out 
of the paranucleus. The division of the nucleus is 
either direct or indirect. 

IX. Reproduction. A series of transitions from the 
simplest asexual to the sexual reproduction has been 


established. Reproduction by simple fission is known to 
Le: 
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exist among almost all the Protozoa, except among the 
Gregarinida. M@udding in the simplest form differs from 
the preceding inasmuch as one part is smaller (bud) 
than the other (mother). That includes the possibility 
of xumerous buds. Fission and budding occur together 
among Rhizopoda, Heliozoa, a few Gregarinida, in Noc- 
tiluca and the Suctoria. ‘The processes of fission and 
budding are probably preceded by the conjugation (tem- 
porary combination) or by the copulation (permanent 
union) of two individuals. In a great many cases the 
buds or parts remain together and form colonies, an im- 
portant factor which reminds us of the cell-colonies of 
Metazoa. Noctiluca presents a good example for bud- 
ding. After the buds are produced each one separates 
as a swarmspore with flagellum and peculiar process. 
Very frequent is the reproduction by continued fission 
and spore formation. In the latter case the whole body 
is divided into a large number of nuclear parts called 
spores, which usually move about freely; sometimes they 
are amceboid, or provided with flagella as swarmspores. 
These two last named forms of reproduction occur among 
encysted individuals, frequently after conjugation or 
copulation, so among the Gregarinida and the Flagellata. 
The spores frequently reproduce by division, and these 
parts become adult animals. 

Reproduction of colonies. Colonies are the result of in- 
complete division; they can reproduce themselves by 
division. Among the Radiolaria and the Flagellata 
Sswarmspores are formed. Among the colony forming 
Radiolaria the contents of the central capsule produce al- 
ternating spores: 1. /sospores, corresponding to the usual 
spores of the other Radiolarize. 2. Anisospores, which are 
again subdivided into Microspores and Macrospores. In 
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the former, development is direct, in the latter after copu- 
lation. The microspores and macrospores are formed 
either in one and the same individual of a colony or in 
more than one. A probable alternation of generation. 
The processes of reproduction in the colony forming 
Flagellata are very interesting. In the simplest case 
every individual of a colony divides into a number of 
parts, which separate together as a daughter colony from 
the mother colony. In other cases the different parts of 
a daughter colony (gamete) separate. Every two and 
two of different size copulate. The product (zygote) be- 
comes after a while again a colony by division. In 
Fiudarina and Volvox distinct sexual generations arise; 
in the former sexual generations follow asexual ones; 
they are either female (ovord gamete) or male (spermozd 
gamete); inthe latter a division of labor occurs, inasmuch 
as only certain individuals are reproductive, and both 
sexes are produced in one and thesame individual. This 
is agenuine alternation of generations. ‘The sexual repro- 
duction corresponds to that of the Metazoa. The female 
gamete corresponds to the ovum, the male to the sperma- 
tozoon. ‘The formation of a new Volvox colony by suc- 
cessive fission of the zygote corresponds to the cell di- 
vision of the metazoa. Something similar has been ob- 
served among the colony forming Infusoria. 
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From the protists or Protozoa are distinguished the 
higher animals or Metazoa. Their body consists of a 
large number of cells which form a community, morpho- 
logically complicated and physiologically perfected by a 
division of labor. Some of them are little above the 
Protozoan colonies. Such are, e. g., the Hydra. Their 
bodies consist of only a few different kinds of cells: of 
digestive, of neuro-muscular, of lasso and of reproduc- 
tive cells*(ova and spermatozoa). All these cells are 
indispensable to the existence of the body; if any one of 
them should be wanting the body would die. Thus the 
whole is physiologically an individual; but in contradis- 
tinction from the cell an zzdividual of a second higher 
_ order, frequently called a Jerson. Most animals remain 
in this stage of individuality. A medusa, a worm, a 
crab, a cat, are individuals of the second order. In 
some of them reproduction takes place by fission or bud- 
ding without separation of the new individuals. Thus 
an individual of the third order or a cormus is formed. 
_ The individuals composing such a cormus may either 
remain alike, when they beara similar relation to the 
cormus as the cell individuals of a Protozoan colony to 
this colony; or, another division of labor may take place 
and consequently also a different formation and function 
of the structure of the individual persons belonging to 
the cormus (folymorphism). Most corals belong to the 
former, the Siphonophora to the latter class of cormi. 
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However complicated such a community of eells may 
be, it always (asexual reproduction excepted) originates 
zn one single cell, namely, in the fertilized ovum, which 
itself is the result of the union of a female with a male 
reproductive cell. This process is called sexual repro- 
duction. It presupposes on the part of one of the cells, 
at least, free motion and the power of resistance against ex- 
ternal influences. These cells are besides very small, 
and therefore present in very large numbers and capable 
of easily entering the second cell. They are the male 
' reproductive cells or spermatozoa. ‘The other cell is to 
form the new organism, and must therefore possess a 
considerable amount of food material. ‘They are the 
largest cells, generally called female reproductive organs 
or ova. Both are formed either in the same @dividual 
(hermaphroditism) or in two. different individuals, male 
and female (gonochorism). ‘The former is the exception, 
the latter the rule. It is probable that the sexes of all 
Metazoa were originally separate. There are special 
organs of copulation to assist foreign fertilization. 

The structure of the ovum shows two distinct constitu- 
ents. The essential part, which is always and often 
alone present, is the egg cell, of secondary importance are 
the external albuminous masses and egg covers. The egg 
cell (also called ‘‘yolk’’) is morphologically a cell con: 
sisting of nucleus, cell body and cell membrane. The 
nucleus, also called germinal vesicle, consists of a mem- 
brane, a fibrous network and ene (or more) zucleolus (macu- 
lee germinative). The cell body consists of protoplasm in 
which yolk substances are imbedded. ‘They constitute the 
reserve food material, being either of a liquid alduminous 
or fatty nature, or, asin most cases, solid albuminous yolk 
granules, ‘These are of varying shape and present in 
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various quantities. The ce// membrane is formed by the 
ege cellitself, and found in almost all ova, except where 
a chorion or follicular membrane is developed. It is 
called yolk membrane, and possesses a various consistency. 
Both, yolk membrane and chorion, are the przmary mem- 
branes, whilst many ova show secondary membranes and 
food stuff, arisen from the accessory glands of the genital 
organs. In many Metazoa several eggs are enclosed by 
a secondary membrane. 

The formation of the egg takes place in the ovaria. 
The young ovum has the structure of a simple undiffer- 
entiated cell; when ripening it separates, increases in 
size and forms primary membranes ‘The germinal layer 
of the ovaria often resembles an incoherent plasma mass 
with numerous nuclei. later, however, cell membranes 
form and the mass separates into distinct cells, which 
assume a spherical shape. Gvowth may be complete at 
this moment or continue. In young egg cells the nucleus 
is large and the protoplasm sparing. In the process of 
growth the latter increases more rapidly than the former; 
in some cases yolk substance separates from the cell; in 
others it enters the cell from neighboring follicular cells. 
Membranes are generally developed at the end of the 
growing period; the yolk membrane arises from the egg 
cell itself, the chorion from the follicle cells surrounding 
the egg cell. There are two modes of egg formation. 
Among the lower animals every epithelial cell of the 
Ovarium becomes a solitary independent egg cell, often 
fastened by a stem to the germ layer; among the higher 
animals groups of cells arise, but only one in each group 
develops into a genuine egg cell, whilst the others fur- 
nish its food and its membrane (chorion). This is called 
follicular egg formation, 
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Spermatoza are developed in the zestes, which are equiv- 
alent to the ovaria; here, likewise, epithelial cells change 
into reproductive cells. ‘Their general form resembles 
small ciliated cells, representing a head, consisting of 
nuclear substance and a small amount of protoplasm, and 
a movable /az/. Animals, void of cilia, contain simple 
cone- amceboid- or star-shaped spermatozoa without a 
tail. The epithelial germ cells of the testes first change 
into so-called mother cells (spermatoblast, spermatogony), 
which divide, forming spervmatocy/e, these in turn change 
into separate spermatozoa. ‘The spermatoblast is the 
equivalent of the ovum. ‘They are much smaller and 
more numerous than the ova, but they contribute equally 
much to the fertilized egg. The female furnishes the 


substance, the male the energy of combination. Before 


passing to this stage of the process we have to consider 
cell division in general. 

Cell. division is always introduced by a division of the 
nucleus. ‘‘Omnis nucleus e nucleo.’’ Direct cell di- 
vision takes place only among monocellular organisms; 
the cell divides into two parts by a median constriction. 
Indirect cell division (caryokinetic or mitotic) implies a 
series of characteristic nuclear changes. 

1. At the beginning of cell division two opposite cen- 
tres of attraction (asters or archoplasmic spheres) arise on 
opposite sides of the nucleus; protoplasmic particles 
group themselves around them in a radiating manner 
(archoplasmic filaments). The chromatic (stainable) parts 
of the nucleus arrange themselves into a filamentous 
bundle along the periphery. 

2. The nuclear membrane disappears, and the chro- 
matic filamentous bundle divides into separate parts. 

3. These parts, each shaped like a bow, arrange them- 
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selves in an equatorial plane between the two archo- 
plasmic spheres, their angular ends directed towards the 
nuclear centre and connected by achromatic fibriles with 
the archoplasmic centres. 

4 At the same time the archoplasmic filaments press 
forward and flatten the poles of the nucleus, until they 
have reduced the chromatic contents of the nucleus into 
a flat ‘‘ plate,’’ thus forming two cone-shaped spzndles, 
facing each other with their apices. 

5. By gradually lengthening they continue to grow 
in the same manner, and push through between each 
other, thus dividing and carrying with them the chro- 
matic bows or chromosomes, which split lengthwise and 
move one-half towards the one end of the nucleus the 
other towards the opposite end, thus forming two parallel 
plates (metakinesis). 

6. The chromosomes again change into a filamentous 
bundle, around each of which a nuclear membrane is to 
be recognized. During this process there arises on the 
surface of the mother cell, between the two archoplasmic 
spheres, a segmentation which grows deeper and deeper 
until, after the formation of two new daughter nuclei, the 
cell is divided into two new cells. 

The above facts are necessary in order to fully under- 
stand the union of two different cells and the subse- 
quent fertilization. As soon as the ripe ovum has left 
the ovarium (sometimes before) certain changes occur 
which are necessary conditions of fertilization. The 
germinal vesicle changes into a nuclear spindle, which 
moves towards the surface of the animal pole of the 
ovum. Accompanied by radiating phenomena of the 
protoplasm, a part of this spindle is ejected in form of a 


little ball (‘‘directive or polar body’’). In most cases a 
c* 
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second polar body is ejected. ‘The rest of the spindle 
assumes its former structure and moves towards the in- 
terior. It is called the ‘‘egg nucleus’’ or ‘‘ female pro- 
nucleus.’’ The polar bodies perish. It has been actually 
proved that fertilization consists of a union of the nuclei 
of ovum and spermatozoon, and that only a single sperma- 
tozoon is received by the ovum. ; 

We find even in the lowest Metazoa a certain arrange- 
ment of the cells after fertilization or segmentation has 
been going on for some time. They form in the simplest 
Coelenterata two strata of an epithelial character which, 
in close adhesion, constitute the wall of the tubular body, 
open atone end. In accordance with the physiological 
functions of the different cells, the lasso cells or nettling 
organs and the neuro-muscular cells form the external 
stratum; whilst the nutritive cell make up the internal 
stratum, i. e., the one nearest the intestinal canal. ‘The 
reproductive cells lie protected in the deeper layers of 
the external stratum. These two strata, which occur in 
all Metazoa, are called Ectoderm and Entoderm. 

Thus cells or tissues of the same or of different kind 
combine to cell or tissue complexes. Such complexes 
are called organs when the cells or tissues, compos- 
ing them, together join in the performance of one or 
several functions. A primitive organ is, e. g., the ento- 
derm of a hydra, because all its cells perform the function 
of nutrition. ‘The tentacles of the same are, however, 
more complicated organs; they serve as organs of feeling, 
as weapons and as instruments with which they procure 
their food. For this purpose they contain neuro-muscular 
cells and nettle organs. Their nutrition is accomplished 
by entodermal vessels which connect them with the di- 
gestive track. ‘Thus the various elements are employed 


SEGMENTATION. 35 


in the service of one or more than one function after 
which the organs are named. Accordingly there are. 
organs of special sense, of respiration, of locomotion, of 
reproduction, of nutrition, etc. Especially among the 
higher animals several organs of the same kind and 
similar function occur in one and the same body. As 
such they are parts of a system of organs: muscular sys- 
tem, vascular system, nervous system, etc. 

The question arises: How may the lowest, simplest 
Metazoa have originated? Various theories have been 
advanced in answer to this question, most promincnt 
among which is the gastvza theory, because it is founded 
upon a number of facts. It is highly probable that all 
Metazoa descend from one common ancestral form, and 
that certain coinciding features in their embryology find 
an explanation in this common origin. The early stages 
in the embryology of the Metazoa present a definite plan 
which is expressed in the d/astula and gastrula, both re- 
capitulating ancestral forms common to 2Jl Metazoa. 

In the first embryological stages of the Metazca there 
is forming a chief or primary axis, whose ends are termed 
animal and vegetative pole respectively, beause in later 
differentiations of the two primary strata the ectoderm, 
developing around the aniinal pole, serves the functions 
of the animal sphere (sense perception, locomotion), 
whilst the entoderm, developing around the opposite 
pole, performs the functions of vegetative life (nutrition). 
Accordingly the Metazoa present originally the uniaxil- 
lar, heteropolar structure. Frequently the primary axis 
can be recognized even in the ovum when the nucleus 
surrounded by dense formative protoplasm lies nearer 
the animal pole. It is there where the directive bodies or 
polar cells are expelled, immediately before fertilization. 
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The process of egg segmentation with which after fer- 
tilization the embryonic development begins, is essen- 
tially a division of the ovum, steadily progressing accord- 
ing to definite laws, which result in the appearance of a 
number of still more undifferentiated cells (segmentation 
spheres, blastomeres). According to the direction which 
the planes of segmentation follow, we distinguish be- 
tween meridional (lying in the plane of the primary axis) 
and eguatorial (perpendicular upon the plane of fhe same 
axis) furrows. In this way blastomeres arise which at 
first assume the shape of a sphere, later on that of a 
pyramid, being radially arranged around an internal 
centre of the ovum. Soon, through the separation of 
the cells, a central cavity is formed, called the segmenta- 
tion cavity or v. Baer’s cavity (blastocelum), which con- 
stantly increases with the further development of the 
segmentations, while the blastomeres develop into a one- 
layered epithelium (d/astoderm) surrounding this cavity. | 
This stage in the embryology of the animal is called 
blastula or blastosphere. Even in the one-layered blasto- 
sphere, an arrangement of the parts around the primary 
axis is clearly recognized. The cells in the neighbor- 
hood of the animal pole are mostly smaller and poorer in 
food yolk, whilst those of the vegetative part are larger 
and richer in food-yolk, dividing more slowly on account 
of the impeding influence which the food-yolk exercises. 
The wall of the one-layered blastosphere presents the 
first primary organ of the metazoan body. 

From the blastula stage the astrula is developed by 
the flattening and gradual invagination of the cell layer 
of the vegetative half, arising from the vegetative pole. 
In this process the primary segmentation cavity more and 
more disappears, and becomes often only an arrow split 
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between the two layers of the body wall produced by this 
change. The gastrula stage assumes essentially a sac- 
like form. It encloses an inner space, arisen by invagina- 
tion, which is designated gastrocelom, opening externally 
in the region of the vegetative pole by an aperture called 
the prostoma or blastopore. ‘The cells of the animal part 
of the blastosphere now constitute the ectoderm ; the vege- 
tative half, which has become internal by invagination, 
forms the entoderm. In the region of the prostoma the 
ectoderm passes into the entoderm. Both layers constitute 
the two primary organs or germinal layers. ‘The gastrula 
stage, typical with modifications for all Metazoa, appears 
as the recapitulation of a hypothetical ancestral form 
(gastrea), distinguished by the development of the pri- 
mary body cavity (gastrocceelom). Among the animals of 
the present time the Cnidaria have retained the essential 
structure of this ancestral form. In the higher forms 
modifications arise in the primary organs and with them 
differentiations of other organs. An intermediate layer, 
the mesoderm, develops between the ecto- and entoderm. 
The entoderm retains its original functions of nutrition 
and digestion, forming the epithelium of the mid-gut, 
whilst the ectoderm furnishes the skin, the nervous sys- 
tem and the sense organs as well as the epithelium of the 
invagination of the fore-gut and hind-gut. 

It often happens that the segmentation, the develop- 
ment of the germinal vesicle and the process of gastrula- 
tion are modified by the presence and definite stratifica- 
tion of larger quantities of food yolk, which of course 
changes the typical development of blastula and gastrula 
stage as given above. 

Ova which are poor in food yolk (e. g., Amphioxus, 
Sagitta, Echinodermata) undergo the typical segmenta- 
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tions explained above. Here are the blastomeres of 
almost the same size, those of the vegetative pole being 
slightly thicker. This phenomenon is termed otal and 
equal segmentation, because the entire mass of the ovum 
is divided into blastomeres of almost equal size. The re- 
sulting blastula stage with its large central segmentation 
cavity is designated celoblastula or archiblastula whilst 
the gastrula following it bears the name of zzvagination 
or embolic gastrula. 

The ova of certain Cnidaria, especially of the Hydroids, 
undergo a somewhat different gastrulation, although the 
process may be traced back to the one just stated. It is 
called polar invasion. The cells of the vegetative pole 
separate from the blastoderm, and enter the blastoccelom, 
which is gradually filled with a dense mass of entoder- 
mal cells. The gastroccelom is only a secondary forma- 
tion, and the mouth aperture arises through a dehiscence 
of the wall. The difference between this and the typical 
gastrulation lies in the fact that the entodermal cells 
give up their epithelial connection at the very beginning 
_ of the invasion. 

There are cases, however, where a larger quantity of 
food yolk is deposited in the vegetative part of the ovum, 
so that the animal part appears to be considerably smaller. 
The results of segmentation, which is still total, show a 
relatively small segmentation cavity, situated eccen- 
trically near the animal pole. The wall of the germinal 
vesicle, which may still be termed cceloblastula, shows 
in this case considerable difference in its density, corre- 
sponding to the animal and vegetative pole. This type 
of segmentation is termed /ofal, unequal segmentation, 
whilst the forms belonging to this and the preceding 
type of segmentation are together called holoblastic ova. 
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The total unequal segmentation may develop an invagi- 
nation-gastrula, but the gastroccelic lumen will be pro- 
portionately shallow on account of the small segmenta- 
tion cavity. (Lamprey.) 

In some other cases (e. g., certain annelids), a blastula 
stage is formed at the end of the total unequal-segmenta- 
tion, in which the segmentation cavity is reduced to a 
minimum. A cell mass (Stervvoblastula) results, in which 
a portion consisting of large entoderm elements rich in 
food yolk can be distinguished from another portion 
consisting of small ectodermal cells. The latter lies 
on the former like acap. The gastrula stage arises by 
the growth of the edge of the ectoderm, which finally 
encloses the entoderm. This gastrula bears the name of 
epibolic gastrula (Sterrogastrula). ‘The gastroccelom is 
formed later as a split in the entodermal cell mass. The 
edges of the ectodermal layer must be considered as a 
Blastopore. It is accordingly filled by a so-called yolk 
plug. 

The presence of larger quantities of food yolk within 
the vegetative part of the ovum impedes the progress of 
its segmentation. In extreme cases of this kind seg- 
mentation may cease near the vegetative pole, and only 
a comparatively small portion of the ovum, consisting 
chiefly of formative yolk, may be divided into blosto- 
meres. Such ova which undergo only partial segmenta- 
tion are termed mevodlastic, in contradistinction from 
those called holoblastic. A disc-like embryonic forma- 
tion arises which, corresponding to the unsegmented 
mass of the food yolk, is situated upon the animal pole. 
This type represents the extremest case of unequal seg- 
mentation, and is termed dzscoidal, (found among the 
Cephalopoda, the Birds, Reptiles and many Fish). 
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A special segmentation type is developed among the 
Arthropoda. Whilst the ova so far considered are Zelo- 
lecithal, i. e., contain the food yolk within the vegetative 
sphere, the ova of the Arthropoda show such an equal 
distribution of the food yolk that its centre coincides with ° 
the centre of the ovum (ceztrolecithal ova). ‘The first seg- 
mentation nucleus lies in the centre of the ovum where 
it separates into a large number of nuclei, which are 
equally distributed along the periphery of the ovum, 
there causing the formation of a layer of small blas- 
tomeres of like shape. This layer represents the blas- 
toderm, whilst the segmentation cavity of this bastula 
stage is filled with the unsegmented mass of the food 
volk. This process of segmentation is called superficial 
segmentation. 

The modifications of development so far considered, 
appear chiefly to be conditioned by the quantity and 
mode of the distribution of the food yolk. There are 
still a few more forms to be mentioned, which indeed 
resemble, in their segmentation, the centrolecithal ova, 
but prove to be aberrant on account of the peculiar mode 
of their entodermal @evelopment. First of all is to be 
mentioned a form common among certain hydroids, 
generally termed enxtodermal development by dglamination. 
It is most typical in the development of the Geryonida. 
After the formation of a coeloblastula by means of total 
and equal segmentation, an internal portion, richer in. 
food yolk, is separated from a superficial portion, poor 
in food yolk. Thus, from the single layered cell-sphere 
two concentric spheres arise, the; internal one forming 
the entoderm, the external one the ectoderm. Gastrula- 
tion does not take place through invagination, the gas- 
troccelom being produced from the segmentation cavity. 
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A transition from delamination to polar overgrowth 
(so-called multi-polar invasion) has not yet been fully 
established, and the acceptance of a morula stage (with- 
out a segmentation cavity) formerly so prevalent, seems 
to be based on erroneous suppositions. 

It has been shown that the chief axis of the gastrula 
stage connects the anterior or apical pole (animal) with 
the posterior or prostoma pole. ‘This primary axis be- 
comes in the lowest type of the Metazoa, i. e., the Pori- 
fera, Cnidaria and Ctenophora, the definite chief axis of 
the body. MHatschek, therefore, called these groups 
Protaxonia in contradistinction from the other Metazoa, 
the Heteraxonia or Bilateria. ‘The latter name is due 
to a secondary displacement of the blastopore; the later 
chief axis of the body can no longer be traced back to 
the primary axis. ‘ 

The stratified structure of the Metazoa becomes more 
complicated through the appearance of a layer of cells, 
which arises between ectoderm and entoderm, within the ~ 
primary body cavity (remnant of the segmentation 
cavity) and is termed mesoderm or intermediate germinal 
layer. This name is used indiscriminately, without 
reference to the homology for all Metazoa. Among the 
Bilateria the homelogy of the mesoderm in all the 
groups may be accepted as probable. Some members of 
the Protaxonia show an independent development of the 
mesoderm. 

The mesoderm of the Bilateria arises generally from 
the primary entoderm which divides into the mesoderm 
and the secondary entoderm. ‘The usual mode of devel- 
opment, namely from two different primitive mesoderm 
cells, is early observed at the prostoma of the gastrula 
_ Stage, where their position defines the median plane 
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which intersects them. They move into the space be- 
tween ectoderm and entoderm (primary body cavity), and 
form through proliferation the mesodermal streaks, two 
paired cell rows from which the organs of the mesoderm 
are developed. ‘The other rarer mode of development, 
as found among the Cheetognatha, Brachiopoda and 
Chordonii, consists in the formation of paired, sac-like 
diverticula of the gastrocelom, which become strictured 
and thus originate as independent ccelomsacs, the organs 
of the mesoderm. Both modes of mesodermal develop- 
ment are based upon one and the same plan, differing 
simply in regard to the separation of the mesodermal 
elements from the epithelium of the entoderm, which in 
the first casé is rapid, in the second slow and more com- 
plicated. 

In the later development of the mesoderm two types 
may be distinguished. In the one case the mesodermal 
elements loosen and completely fill the primary body 
cavity by the formation of a structure consisting of star- 
shaped migratory cells imbedded in a jelly-like sub- 
stance. This structure is called mesenchyma. (O. and 
R. Hertwig). By a separation of its cells, so-called 
lacunze may arise, which on uniting may represent an 
apparent body cavity. Such cavities are termed pseudo- 
celom. 

In. other cases most of the mesoderm disappears in the 
formation of paired sacs, called celom sacs, in whose 
walls the mesodermal cells have epithelial connection. 
The sac cavities represent the genuzne body cavity or 
célom. The paired coelom sacs completely enclose the 
intestinal canal, and form in the median line above and 
below it the so-called mesenteries. The body cavity 
separates the mesoderm in two layers. The external 
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layer, adjoining the ectoderm is called the somatic layer, 
the internal layer adjoining the entoderm is called 
splanchnic layer. : 

In some animals (Plathelminthes) the mesoderm fur- 
nishes, besides, or aside from its specific organs (of repro- 
duction and excretion) only mesenchyma. Bat in the 
majority of the Bilateria the formation of mesenchyma 
and ccelom are contemporaneous and, as it were, competi- 
tive, so that in one case (Annelids, Sagitta, Pharonis), 
the latter, in the other (Mollusca, Arthropoda) the 
former predominate. 

From the mesoderm of the Bilateria are derived the 
muscles, genital organs, nephridia, connective tissue 
and fatty tissue. 

The following table presents the different modes of 
segmentation. (See table of Hatschek’s classification. ) 


TABLE. 
| | |. 
Equal. Portfera. Scolecida. Annelida. Echino- |Tunicata. 
Cnidaria. |Crustacea. dermaia |Amphioxus 
‘Mollusca. (among Mamma- 
. | Za in secondary 
| form.) 

Unegual. (Porifera. Scolecida. Annelida. Echino- |Petxomyzontide 
(Cnidaria. (Crustacea. dermata.| (Lampreys). 
|Ctenophora. |Mollusca. | Ganoidez 
|A mphibia. 
| ee | 

Discoidal. | Cephalopoda. | Selachitz. 

. Teleostet. 
) Repiilia. 
: |Aves. : 
. | Monotremata. 
Super ficial. ) Arthropoda. | 


NotTE: The z/alic type shows the predominant segmentation. 


The successive division of the egg cell results in the 


44 METAZOA. 


formation of groups of cells which are united in their 
functions to so-called “zssues. ‘Tissues of one or more 
than one kind form the organs of the body. The higher 
the animal the more specialized becomes the division of 
labor, i. e., the physiological functions of the various 
tissues. This leads us to the consideration of Metazoan 
histology. Here, two factors’ are to be emphasized : (1) 
the lamina of the cells; (2) their structure and their 
products. 

The epithelium is the oldest and most important 
ground-form of the Metazoan tissue. It consists of cell 
masses arranged in a plane, and is already met within the 
blastoderm of the blastula, where it is a simple layer, 
and therefore called one-layered. It presents two planes; 
an external open plane and a basal plane turned towards 
the blastoccelom. Accordingly, each epithelial cell has 
two poles, a free pole and a basal pole. Both planes pos- 
sess in all cases opposite characteristics. One-layered 
epithelia are classified according to their form into cylin- 
drical, cubic, and pavement epithelium. Stratified (of several 
layers), efzthelza (in skin of vertebrates), are not of the 
same formation throughout, (flat above, round below), 
it is, however, of rare occurrence that a complete separa- 
tion into lamina (delamination) takes place. 

Tissues, originally consisting of connected epithelial 
tissues, often change in mode of layering and surface 
formation. ‘They are called epitheliogenous. 

Individual basal cells of the epithelium may enter the 
blastoccelom in an amceboid form, and thus be degraded 
to apolar cells. (Mesenchyma cells). They may differ- 
entiate into tissues (mesenchymal tissue) and develop 
again epithelia of internal cavities. Such formations 
are termed pseudo-epithelia or epitheloids, 
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All histological differentiations proceed from the cell 
plasma, the neuclus retaining its typical character. Dz- 
rect plasma differentiations manifest themselves in certain 
plasma functions (contractility, irritability) in a high 
degree (muscular and nervous substance). Other differ- 
entiations are simply products of,the plasma. ‘The for- 
mer are called autoplasmatic, the latter apoplasmatic struc- 
Lures. 

1. Autoplasmatic structures. External plasmoid cell-for- 
mation. Pseudopodia. ‘They have the same functions 
as those of the Protozoa. Ameboid epithelial cells occur 
in embryonic forms for the purpose of yolk reception; in 
the ectodermal epithelium of fully developed sfonges, 
and in the eztodermal epithelium of all the various 
lower and higher Metazoa for purposes of nourishment. 
Ameboid mesenchyma cells retain their original form in 
the embryonic mesenchyma cell and in the free connective 
cell( wandering cell). Similar to it are the ameboid pigment 
cells, where pseudopodial change of form brings about 
change of color; finally ameboid (or white) blood cor- 
puscles. Vibratile, hairlike processes are present on the 
free surface of all epithelial tissues (except in certain 
protonephridial canals). There may be either one on the 
surface of each cell, called flagellum, or many, called 
cilia, or a compound flagellum or compound cilia (ciliated 
plates). The Arthropoda, Nematodes (and Acantocephali) 
are without these processes. They perform functions of 
locomotion (small ciliated swimming Metazoa and larval 
forms), of feeding (around the mouth of Rotatoria), of 
digestive vespzration (ciliated epithelium of intestinal canal), 
of pulmonary respiration (ciliated epithelia of gills). 

Epithelial cells which possess at their free end sexsory 
hairlike processes and are at their basalend connected with 
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nerves are termed sensory cells. ‘These sensory processes 
are either sezsory hairs (of hearing or touch), or d77séles 
or vods (eye). The last named may assume various modi- 
fications and even be found in the interior of the plasma 
of the visual cells. The bristlelike processes on the free 
surface of the epithelial thyead cells of Cnidaria are called 
cnidocils. ‘They all have sensory functions. 

Internal plasmotd cell formation. Muscular fibrils and 
tissue. Structural. The muscular fibril arising as the 
contractile element within the plasma of the muscular 
cells (myoblasts) is a threadlike,: pellucid substance of 
varying lengths, either pointed or blunt (rarely forked or 
netted) at the ends, which, arrayed in bundles or in strata, 
constitutes one or several cells. In smooth fibrils the con- 
tractile substance is continuous, in cross-striped fibrils it 
is divided into sarcous elements, which are separated by 
non-contractile disks. The difference between the two 
kinds of fibrils shows a difference of function. Muscles 
frequently and voluntarily used, also those of heart, pre- 
sent a striated appearance and are mostly found among 
the Vertebrates. 

The myoblasts are either epithelial muscle cells, with a 
muscular process at their bases, and possessed of various 
functions, or muscle fibres, situated in the deeper parts of 
the body, and having the appearance of a piece of cord. 
They consist of an external membrane (sarcolemma), of 
fibrils and a small portion of unchanged plasma (muscle 
corpuscles). Genetically one kind of muscle fibre is more 
closely related to the epithelial muscle, the other to the 
mesenchyma. ‘There are, therefore, three kinds of mus- 
cular tissue: Epithelial muscles, epitheliogenous muscles, 
and mesenchymal muscles. Epithelial muscles belong ex- 
clusively to the Cnidaria. They arise on’ the basal str- 
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face of the epithelial cells, running parallel to one 
another in definite directions. A massing of fibrils, 
(rarely by stratification), is mostly due to a longitudinal 
folding of a single fibrillous layer which thus may become 
very high. The epitheliogenous muscles of the Cnidaria 
arise through a constriction of the fibrillous folds which 
form with their myoblasts subepithelial cord-shaped 
structures. Delamination between surface stratum and 
myoblastic stratum occurs but rarely. Among higher 
animals a large portion of muscular tissue arises from 
the epithelium of the ccelom, and its mode of separation 
- shows innumerable degrees of gradual variation. 

The mesenchymal muscle fibres originate phylogeneti- 
cally in the gelatinous substance which fills the blasto- 
coelom of the lowest Metazoa. Primarily they exist as 
single fibres. ‘Tissue masses are secondary formations. 
They are present.in some Porifera, in the Ctenophora ; 

in the lowest worms exclusively; hardly in higher 
worms; very prominently in the Molluscs, and: some- 
what in the intestinal muscles of Echinodermata, and 
the Vertebrates. The movements of the smooth muscle 
fibres are slow, but much more intense than the quick 
movements of the striped muscles. 

The essential elements of the zervous system are gan- 
glion cells and nerve fibres. Itappears in the lowest form 
as a ganglion-plexus spreading like a net within and 
throughout the epithelia (Actinia); whilst in higher 
forms numerous ganglion cells unite toso called ganglia, 
whence the nerve fibres branch out in bundles, as zerves, 
becoming thinner and thinner towards the periphery, 
until they consist of only one fibre, which may again 
join a ganglion-plexus. The structural element of nervous 
tissue is the nerve fibril (primitive fibril). It is a very 
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thin, simple thread, with characteristic little knots. A 
number of them surround concentrically the nucleus of 
the ganglion cell, continue radially into the contents of 
the nerve fibre (which in its peripheral anastomosis sep- 
arates into fibrils), and may finally penetrate the interior 
of the peripheral cells (e. g., the sensory cell or muscle 
fibre. ) 
Ganglion cells are round, have a large nucleus within 
rich fibrillous protoplasm, and possess one or more pro- 
cesses (unipolar, bipolar, multipolar, ganglion cells). 
These processes may either continue as a nerve (nerve 
or axis cylinder process) or form an anastomosing net- 
_ work (plasma process). ‘The nerve fiber consists essen- 
tially of the axis-cylinder which is of varying diameter 
and of a slimy character. In its simplest form it is 
without a surrounding fatty marrow (non-medullated), 
and as such it is present in all Invertebrates and some 
lower Vertebrates, as well as in the sympathetic and 
olfactory nerves of the Vertebrates. The axis cylinder 
possessing a double contour (medullated) is present in all 
Vertebrates. Besides, in the peripheral nerves of many 
Vertebrates and the Arthropoda a nucleated sheath 
(Schwann’s) surrounds the axis cylinder, whilst in the 
central nervous system it is enveloped by a continuous 
tissue of fibrous cells (xeuroglia or glia cells). ‘The same 
may be said of the envelopment of the axis cylinders of 
peripheral nerves among Annulata and Mollusca. Axis 
cylinders of peripheral nerves are perhaps only length- 
ened processes of central ganglionic cells. 

Peripheral nerve-ends generally combine with cells of 
widely varying functions, among which may be men- 
tioned sensory and muscular cells. The former join the 
nerve at their dasal pole, the latter along the side of the 
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fibre, where the zerve ends in a plate (striped muscle fibre 
of Vertebrates and Arthropoda). ‘The same can be said 
of the muscle fibre of the Vertebrates and mesenchymal 
muscle of the Invertebrates. (The smooth muscles of 
the Vertebrates are enveloped in a fine nervous network.) 

The stratification of the zervous tissue is either epzthe- 
lial or epitheliogenous. 

The epithelial nervous system of the Cnidaria is of spe- 
cial importance for nervous phylogeny. In the ectoder- 
mal epithelium of the Actinia are present the following 
sensory and nervous elements: Sensory cells on the free 
surface, ganglion cells in the middle and nerve masses 
near the base, (muscular cells beneath if such are pre- 
sent). The nerves form a network with the sensory and 
- ganglion cells. . 

The Hydromedusz and Scyphomedusz present the 
beginning of a central nervous system. This always de- 
velops whenever sensory organs arise. ‘The formation of 
such organs depends upon the stratified accumulation of 
sensory cells and nervous elements, as mentioned above; 
all other cells, except supporting cells, are absent. Such 
a specialized epithelium is termed a xervous sense-epithe- 
lium. ‘The Scyphomedusz possess eight ganglionic cen- 
tres, radially distributed, in connection with eight groups 
of sensory organs. Among the Hydromeduse the cen- 
tral nervous system assumes the form of a ganglionic 
ring which stands in connection with sensory organs, the 
body epithelium being interlaced with a fine nerve 
-plexus. The zervous system of the higher animals (He- 
teraxonia), is always central, but may retain its epithe- 
lial position. Not only the central nervous system and 
sensory organs but also the beginnings of the peripheral 


nerves of many Annulata (Sagitta), Brachiopoda, Echi- 
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nodermata, and of Balanoglossus, develop from and lie 
within the ectodermal epithelium. The sensory epithelia 
of the sensory organs consist largely of sensory cells, 
ganglion cells, nerve fibres and supporting cells; the 
nerve epithelia of the central system of ganglion cells, 
nerve fibres and supporting cells; the xerve epithelia of 
the peripheral system of nerve fibres and supporting cells. 
Stratification is the same as among the Cnidaria. 

The nervous system of the most highly developed ani- 
mal gives up its original epithelial position and seeks a 
more protected situation within the body. Thus its 
anatomical separation becomes perfect. Those groups 
of animals which show all the transitions from the epi- 
thelial to the efztheliogenous nervous system, often within 
the same body, are of special interest, because we ob- 
serve, that anatomically and histologically the epithelial 
supporting tissue gradually develops the glia substances of 
the nervous systene. 

The separation of the central nervous systems occurs 
either by delamination or by invagination. ‘The first 
mode is predominant among the Invertebrates. The 
ganglionic and nerve layer, together with the deeper layer 
of supporting cells, separates from the surface layer. The 
other mode is predominant among the Vertebrates. A 
part of the ectoderm along the dorsal surface of the 
embryo caves in towards the interior of the body, sepa- 
rates and formsan epithelial free tube (wzedulla), becoming 
through histological differentiation a nerve epithelium. 
The stratification is here the same as among the Cnidaria. 
(Amphioxus a good example.) 

The sensory epithelia either lie in the same plane with 
the other ectodermal epithelium or form deeper invagina- 
tions. Often they separate in form of bladders (eye blad- 
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ders, auditory bladders, touch bodies). There are two 
kinds of sensory epithelia: stratified epithelia, which pos- 
sess beneath the sensory cells a ganglionic layer anda 
basal nerve layer; simple epithelia, consisting only of 
sensory cells, to whose basal termination nerves are at- 
tached. Often a peripheral or sensory ganglion lies near 
the simple epithelium. A comparison between the de- 
velopment of the vertebrate retina and that of a cephalo- 
pode furnishes an interesting illustration for the fixed 
arrangement of stratification. 

The development of peripheral. nerves is only traceable 
among the Vertebrates. They arise as outgrowths of the 
central nervous system, uniting secondarily with their 
terminal organs. 

The functions of the nervous tissues are complex, begin- 
ning as crude irritation in the simple cell plasma of the 
lowest animals, and reaching their highest differentia- 
tions with the complete division of labor in the minutely 
organized nervous system of man. Sense organs, nervous 
organs and locomotory organs stand in necessary mutual 
relation to one another, just as sensation and the result- 
ing action bear a necessary relation to each other. Spe- 
cialization is carried so far that each form of sensation 
has its special apparatus of transmittance to the central 
nervous system. In many lower animals the ectodermal 
epithelium performs all the functions of sensation 
(touch, light, heat, chemical irritation) and is, there- 
fore, to be considered as a primitive sensory organ. 
From this the special organs developed. First, the 
integumental sense organ. ‘They are either isolated sen- 
sory cells (Cnidaria), or sensory buddings, groups of 
sensory cells, often surrounded by a concentric zone 
of supporting cells, connected together by a nerve 
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fiber (higher Invertebrates). The epithelium of the Ar- 

thropoda secretes a chitinous cuticle with hollow bristle 
and hairlike processes; special cells of the matrix send 

thin plasma threads into these processes, and per- 

form the functions of cells of touch, since they are con- 

nected with a nerve at their base. Vertebrates living in 

water show the same integumental sensory organs, ap- 

pearing either as solitary cells, or as cell buds, as free 

nerve terminations or as so-called /ateral line organs of 
the fish. Organs of touch lying in the cutis appear also 

in the form of peculiar sensory cells among the terrestrial - 
Vertebrates. : 

Organs of taste and of smell perform the function of 
testing the food preparatory to the various modes of 
metabolic changes. In the lowest animals the sensory 
cells of taste are like those of touch, and are only dis- 
tinguished by their position in or around the mouth 
opening. The organs of smell of the Invertebrates have 
the form of papillz, with vibrating epithelium, contain- 
ing vibratory and sensory cells. It is situated near 
nerve centres or higher sensory organs. ‘The Crustacea 
perform the functions of taste and of smell by means of 
so-called olfactory hairs situated along the first pair 
(rarely also on second) of the antenne, and filled with 
plasma, which, through a round cell (sensory cell?) 
connects with a nerve fiber. The olfactory organs of the 
insects are situated along the antenne, their organs of 
taste along the palpi or mouth cavity. Both arise from 
the chitinous trichome. ‘The sensory elements are cone- 
shaped and lie, single or in groups, either free on the 
surface of the chitinous cover or in a papilla. The 
membranous canals of the antenna are modifications of 
these organs. The olfactory organs of the Vertebrates 
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resemble originally the structure of paired ciliated 
papille lying in the anterior end of the head. After- 
wards they move interiorly ; nose cavities arise without 
sensory epithelia. ‘They open in the mouth cavity, and 
serve as air passages. Their olfactory epithelium con- 
sists of high ciliated cells and sensory cells with free 
sensory hairs. 

The sensory cells of the auditory organs resemble the 
primitive cells of touch in form and function. They 
always require an auxiliary apparatus to receive the 
sound waves. In certain Hydromeduse tentacle for- 
mation are changed into auditory vesicles whose ento- 
dermal axillary cells carry otoliths and whose octodermal 
sensory cells carry sensory hairs, which are set in 
motion by the sound waves. ‘The deeper the position of 
these vesicles the higher is their function. The auditory. 
vesicles of the Leptomedusz are of independent origin 
arising radially along the edge of the disk as numerous 
invaginations of the ectoderm. ‘The otoliths lie in the 
ectodermal, cells and communicate through vibrations 
with the neighboring sensory cells. 

The auditory organs of Turbellaria, Annulata and 
Mollusca (exclusively) are vesicles derived from the 
ectoderm containing one or more calcareous secretion 
products (otoliths) suspended by ciliated cells. The 
wall of the vesicle contains sensory cells which send 
hairs into the lumen. 

In spiders and mites the auditory organs are absent. 
In the higher Crustacea they are at the base of the first 
antenne, consisting of epithelial sacs opening externally. 
They are internally covered by a continuation of the 
external chitinous epithelium, upon which rows of very 
active auditory bristles are situated; grains of sand enter 
from the outside and act as otoliths. 
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Auditory organs are peculiar and numerous in the 
insects. They are groups of cells which are stretched 
like the cords of a musical instrument through the body 
cavities, fastened by a ligament at opposite ends of the 
integument, to one of which the nerve is attached. This 
group of cells contains ganglion cells and sensory cells, 
the latter containing peculiar bodies called auditory 
vods. In musical insects a trachea forms a tympanum, 
lying directly under the thinned chitinous membrane, 
thus perfecting auditory functions. These organs are 
situated in different insects at different places. 

The auditory organ of the vertebrates undergoes the 
simple vesicular development, in which condition it often 
contains otoliths, and is capable of performing functions 
(in embryonic teleosts). This vesicle develops into a 
labyrinth with peculiar characteristics. In it auxiliary 
apparatuses arise which conduct and magnify the sound 
(external ear, tympanum, auditory ossicles). ‘The phys- 
iological function in distinguishing sound differentia- 
tions depends upon the transmittance of these sounds 
upon the auditory cells by means of auxiliary appara- 
tuses (fibres of. membrana basilaris). 

The szmplest eyes consist of a small number of sensory 
cells (even of only one) which on one side are covered 
by a goblet-shaped, opaque mass of pigment, so that 
light can penetrate the sensory cells only in one direc- 
tion (visual axis), which is observed by the animal. 
Such eyes are called exthyscopic (or directing) eyes. 

The Cnidaria possess such pigmented spots of sense- 
epithelia, in which each sensory cell is surrounded by 
supporting cells. ‘They are called ocelli. The eye of the 
Turbellaria and Rotatoria possesses in addition a “ght 
refracting apparatus or lense, which however only serves 
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the function of intensifying the light-effect. The tran- 
sition from the euthyscopic to ezdoscopic eyes, 1. e., eyes 
which perceive a picture, generally takes place by an 
aggregation of the former. A large number of luminous 
elements, i. e., sensory cells with their specific termina- 
tions, which are connected with separate nerve elements, 
are necessary in order to see a picture. The sensory 
cells compose a sense epithelium, which is here termed 
vetina. ‘The larger the number of the luminous elements 
of the retina, the more detailed is the perceived picture. 
This differentiation of separate sensory cells with sepa- 
rate nerves for the perception of separate sensations, is 
called the zervvous tsolation of the perceiving elements. 
A second necessity is the optic zsolatron of the perceiving 
elements, which is to prevent a general diffusion of light 
upon the retina by admitting only the rays proceeding 
from single definite objects. This is done in various 
ways. We therefore distinguish different types of eyes. 
The most perfect eyes are the camera eyes, which possess 
special light-refracting apparatuses for optic isolation. 
The eye of the vertebrates belongs to this type. The 
human eyeball consists of a hard cuticle (sclera), an 
external firm connective tissue layer, which passes ante- 
riorly into the cornea, a convex transparent horny cuti- 
cle, with an external transparent epithelial layer. From 
the interior of the sclera arises the choriotdea, a second 
connective tissue layer, rich in blood vessels and dark 
pigment, continuing anteriorly as a contractile mem- 
brane, ¢he zrzs, with an open circular centre and a thick- 
ened muscular ring, the cary body as its root. The 
next interior layers are the black pigment epithelium 
and the bright vetzza. Not far from the ciliary body, at 
a line called ova serrata, the nervous character of the 
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retina ceases, and becomes a pigmented layer, which, 
together with the pigment epithelium, forms a double 
layer, and extends to the free edge of the posterior sur- 
face of the iris. Theanterior eye chamber between cornea 
and iris, is filled with aqueous humor, whilst the posterior 
eye chamber, behind the iris, contains the /ezs, onto- 
genetically derived from the external epithelium. The 
lens capsule is fastened by connective tissue fibres 
(zonula Zinnit) to the ciliary bodies. Behind the lens 
the cavity of the eyeball is filled with the corpus vitreum, 
a less pellucid, transparent connective tissue substance. 
The optic nerve, entering the eyeball not quite parallel 
with the optic axis, penetrates the retina and continues 
in its nervous layer. Then follow the two ganglionic 
layers, the optic cells, and finally the rods which are 
turned towards the pigment epithelium. 

The picture is projected upon the retina (reversed asin 
a camera), after the rays of light have been deflected 
three times; in aquatic animals the deflection of the rays 
in passing from the water to the cornea is but slight, 
and the work is largely done by a strongly convex lense, 
following the laws of optics. The eye is adjusted or ac- 
commodated to different distances by changing the form 
of the lens by means of the ciliary muscles. 

The eyes of many Invertebrates (especially Cephalo- 
poda) are of similar physiological structure as those of 
the Vertebrates, but they are morphologically different ; 
the rods of the retina are turned towards the eye pupil. 
Eyes of insects and spiders, without facilities for accom- 
modation, are probably only for definite distances. 

The compound eyes of the Crustacea and Insecta are 
termed convex musivian eyes, a second physiological type 
of the eidoscopic eye. ‘The perceiving elements of the 
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retinee are here groups of cells, called vetinule. In the 
centre of the retinula is a rodlike structure, the rhabdom, 
consisting of as many rhabdomens as there are cells, and 
surrounded by a pigment mantle. ‘The anterior part of 
the pigment tube is filled with the so-called crystalline 
cone. Theexternal transparent cuticular chitinous cover 
of the eye, called cornea, is divided into very regular 
hexagonal facets, often thickened and thus representing 
each a lens (corneal lens). Only a very small cone of 
rays reach each retinula, which lessens the strength of 
the light, showing the eye to be inferior to the camera 
eye. No apparatus for accommodation is needed; the 
animals can see in the air as well as in water. 

The concave-musivian eye of Atrhropoda and Mollusca 
is based upon the same optic principle as the preceding. 
The axillary rays of light proceeding from the object to 
the elements of the retina intersect in front of the latter, 
and throw apparently a veverse picture upon its surface. 
Only one lens suffices for all retina elements, but only 
the central rays are of use here, whilst those of the cir- 
cumference are absorbed by the pigment. Wherever 
the lense closely approaches the retina, i. e., where the 
formation of a picture is impossible, and where the retina 
is pigmented throughout, there we have a concave- 
musivian eye. 

There are transitions from the lowest to the highest 
eidoscopic eye, based upon the distance of the lens 
from the retina and its proper correction. 

Morphologically the eyes are divided into cup-shaped, ~ 
vesicular, inversely vesicular and compound eyes. ‘The 
first form a cup-shaped depression of the epithelium. 
The retina continues laterally into the epithelial cells. 


In their simplest form they are concave-musivian, when 
D* 
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a cuticular or secretory lens is present, and in proper 
position they are camera eyes. ‘The second form arises 
when the optic depressions or papillee form a vesicle and 
separate completely from the epithelium. ‘The free sur- 
face of the epithelium becomes the interior of the vesicle 
and forms posteriorly the retina, anteriorly the internal 
pellucida, whilst the basal surface of the epithelium be- 
comes the exterior of the vesicle, producing posteriorly 
the nerve, anteriorly the external pellucida. A lens is 
always present, undergoing modifications in certain 
cases. In their simplest form they are concave-musivian 
eyes, but go through all the higher gradations. The 
third form develops from a vesicular structure called the 
primary eye vesicle, which in the Vertebrates arises by 
constriction from the medulla tube—in Invertebrates by 
direct invagination of the external epithelium. ‘The 
anterior half of this vesicle invaginates, forming, with 
the posterior half, a double-walled cup called, secondary 
eye cup. Its anterior part furnishes the retina; its 
posterior, a pigment epithelium; here also the rods 
arise, whilst the nerve develops from the opposite sur- 
face of the retina. The lens is always a cellular structure 
which is incependent outside of the primary eye vesicle. 
In the fourth form (a. facetted eyes of Arthropoda) every 
element of the eye corresponds to the two-layered cup 
eye of the Myriopoda, an aggregation forming the com- 
pound character, which aids co-operation but lowers in- 
_ dividual ability. Embryologically they arise from a 
thickening of the epithelium, in which already the om- 
matea (retinula with crystaline body) separated by sheath 
cells (pigment) may be recognized. The ommateum 
itself consists of the crystalline cells (upper layer) sur- 
rounded by the chief pigment cells, and of the vetinula 
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cells (lower stratum) to which a nerve is attached. The 
ommatea become high and narrow and the cuticular 
cornea arises, often enlarging to a lense above each eye. 
According to the differentiation of the crystal cells there 
are: (1) acone eyes (crystal cells representing crystalline 
body); (2) eucone eyes (cells secrete a crystalline cone); 
pseudocone eyes (transparent pseudocone arises before the 
crystal cells). 

The compound eyes of Crustacea are phylogenetically 
different from those of the Insecta, but resemble them 
very decidedly, having cornea, crystalline cells and 
cones. 

b. Middle cup eyes of Scorpion show composition of 
retinule. The szmple cup eyes of the Myriopoda consti- 
tute the origin for several different embryological de- 
velopments among the Tracheata. __ 

II Cass. APOPLASMATIC STRUCTURES. Jnternal cell 
formations. Water vacuoles may arise both in epithelial 
and mesenchyma cells. They become especially conspic- 
uous in the endodermal cells of the Cnidaria and in the 
cells of certain supporting tissues (connective tissues), 
which are greatly extended by them; such tissues are the 
endodernal tentacle axes of the Hydroid polyps and of the 
medusz as well as the chorda dorsalis of the Vertebrates 
and the saclike connective tissue of Plathelmynthes and 
Mollusca. Fat globules are present, especially in the en- 
dermal cells of the lower animals, forming numerous 
little drops. The so-called fatty tissue of Insects and 
Vertebrates contain fat cells in which fat globules are 
deposited. Pigment granules of various kinds are sec- 
ondary formations in the plasma of certain cells, where 
they produce district colorations. They are of special 
interest in the eye, as mentioned above, and in their 
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amoeboid form, as found beneath the body epithelium. 
The power of changing the color is due either to an in- 
dependent contractility of such cells or to muscle fibres 
which are attached tothem (asin Cephalopoda). Jntva- 
cellular skeleton formations arise most frequently in the 
mesenchyma cells of the sponges (resembling those of 
Forminifera and Radiolaria) as calcareous needles and 
silicious bodies, which, however, during growth break 
through the cells. We can, therefore, hardly distinguish 
between zzzer- and zutra-cellular formations. ‘The cal- 
careous skeletons of the Echinodermata may be of 
similar origin. In this connection, the “epidermal for- 
mations of the Arthropoda (chitin) and the highez 
Vertebrates (nails, hoofs, claws) should also be men- 
tioned. NVematocysts are peculiar, complicated, envel- 
opes of certain cells; they are thick-walled papille — 
which contain a fluid and a nettling thread spirally rolled 
up, and are especially found in the epithelia of the Cni- 
daria, Turbellaria and AXolida. 

CELL SECRETION: Glandular tissues. Secretions are 
generally excluded from the cell and also from the body. 
Such cells are called glandular cells, and are epithelial 
in their character. Unizcellular glands lie either within 
the other epithelial cells (goblet cells, granular cells, etc.), 
or beneath them when they are differentiated into gland 
and duct. MJudlticellular glands arise when all the cells 
in a certain part of the epithelium become glandular 
and undergo invagination, which differentiates into 
gland and non-secretory duct. They are either zwbulous 
or acinous. Secretions may serve definite purposes 
(digestive glands, poisonous glands, protecting envel- 
opes and shells of Mollusca and of Brachiopoda, ecto- 
cysts of Bryozoa). : 
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£xternal cell secretions arise along the periphery of the 
cells, originating the real connective substance. In its 
most primitive form it is the cell membrane; it develops 
also the yolk membrane of ova and the sarcolemma of 
- muscle fibres. Similar secretions appear (1) in epzthelial 
issues as a cement between the cells, sometimes separat- 
ing them and forming isolated cells; or as a basal mem- 
brane, a thin but very fine secretion under the epithelia, 
sometimes of fibrous structure; or as cuficula, a mem- 
brane lying on the free surface of the epithelia. In 
some groups (Sponges and Vertebrates) it is not devel- 
oped; in others (Nematodes and Arthropoda) it becomes 
stratified and influences most profoundly the whole or- 
ganization. Endodermal epithelia form a so-called rod 
cuticula, a thick, superficial layer perforated by fine 
canals. Such secretions appear (2) as the fundamental 
substance of the different kinds of connective tissue. A 
cement substance is likewise secreted by mesenchymous 
cells forming the so-called genuine connective substances, © 
‘especially of the Vertebrates. The different kinds of 
connective tissue show different structures of the fun- 
damental substance. Myaline cartilage has a homo- 
geneous, elastic, firm, fundamental substance, round 
cartilage cells without blood vessels. /zbrous cartilage 
shows fibrous structures in the fundamental substance. 
fibrillar connective tissue is soft, but tough, its cells are 
spindle-shaped; elastic tissue is nearly related to it. Bony 
tissue is fibrillar but very firm and hard through the 
deposition of calcareous matter; it is characterized by its 
stratification. We must therefore distinguish between 
incrusted cartilage and genuine bone tissues. ‘The former 
is cartilaginous tissue, hardened by the deposition of 
calcareous salts. 7 
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The gelatinous tissue of the Cnidaria found between 
the two primary layers, is free from cells in the Hydro- 
medusze whilst the Scyphomedusze show mesenchymous 
cells and fibrous structures. 

FLUID SUBSTANCES OF THE BODY are contained in the 
primary body cavity, in the ccelom, and in the blood 
system; they differ morphologically, consequently alsothe 
corpuscles derived from them. The fluid of the first two 
cavities is called Lymph, that of the third dlood. It con- 
sists of water, in which albumen and salts are dissolved. 
The water has to permeate first the surrounding tissues 
by which it is-chemically affected. Fvree cells are also 
present in the fluids, which are either white blood or 
lymph corpuscles or red blood corpuscles, whose color- 
ing matter, hemaglobin, serves the purpose of oxidation 
and deoxidation. They are generally found in Verte- 
brates (except Amphioxus) and a few Invertebrates 
(worms). | 

The functions of the Metazoan body may phylogeneti- 
cally be divided into those of the ectoderm and those of 
the entoderm. Metabolism includes nutrition, respt- 
ration, excretion and circulation. ‘The first process of 
nutrition is asszmzlation, which is chiefly carried on 
by the entodermal epithelial cells of the digestive canal. 
They perform the functions of the digestive activity and 
of the vesorbing activity. In the sponges digestion 
is carried on by the whole body, and is termed gen- 
eval intracellular digestion; in the Cnidaria and Tur- 
bellaria it manifests itself as (special entodermal) intra- 
cellular digestion, 1. e., solid food particles are taken 
up and liquified by the entodermal cells. In the 
higher animals it is called extra-cellular digestion, be- 
cause the phenomenon océurs within the digestive canal, 
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whilst the epithelial cells resorb the food (already liqui- 
fied). The division of labor is carried still further when 
the digestive apparatus is differentiated into stomach, 
' glands, anus, etc. The distribution of food tn the body is 
carried on in various ways in the different groups of ani- 
mals; in the Sponges by the amoeboid activity of the 
body cells, in Cnidaria bya multifarious branching of the 
digestive canal, until in the higher animal a special dif- 
ferentiation of vascular systems (blood-lymph) is called 
into assistance. The reception, distribution and elimina- 
tion of gases (oxygen and carbon dioxide) are carried on 
by the functions of respiration, either by the whole ecto- 
dermal layer of the body (in the lowest animals) or by 
an evagination (gills) or invagination (lungs) of the 
body wall, aided by the system of circulation. The 
tracheze and tracheal gills of the Insects deserve special 
explanation. The process of excretion or the separation of 
urine and related substances calls into cooperation all 
the tissues of the body. Of great importance are the 
various methods by which these nitrogenous excretions 
are collected into special organs and thence carried out 
of the body. In the lowest forms there are no special 
organs of excretion present; in Cnidaria and Ctenophora 
numerous unicellular glands of ectoderm or entoderm 
perform excretory functions, whilst in the Hydromedusz 
openings along the peripherai branches of the digestive 
apparatus have been observed. In the lower worms a 
protonephridium (or water vascular system) is present, a 
paired tubular formation, either simple or branched, in 
which strong ciliation is developed. In the Annulata, 
Arthropoda, Mollusca and Molluscoidea the protoneph- 
ridium is only present in the embryo; it is replaced in 
the adult animal by the metanephridium, an apparatus 
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consisting of glandular ciliated tubes, connected by an 
internal opening with the ccelom cavity, and opening ex- 
ternally on the surface of the body. It is differentiated 
into a ciliated funnel; a canal, covered with vibratory ~ 
threads anda muscular terminating bladder. ‘The first 
receives the fluid from the ccelom cavity, the second furn- 
ishes the excretory substances, and the third serves as a 
reservoir. In the Vertebrates the apparatus is termed 
kidneys. It consists of segmental canals, similar to those 
of the segmental organs of the Annulata and of kidney 
ducts (Wolffan duct), probably derived from the exter- 
nal epithelium and running along the body, near, but 
outside of the splanchnoccelom. The differentiations are 
varying. 

A system of circulation is found only in those animals 
which have a secondary body cavity (ccelom cavity). It 
is, of course, wanting even among some of them. The 
walls of the blood vessels consist of two layers, an inter- 
nal epithelial layer and an external muscular layer; 
numerous differentiations are possible. The blood sys- 
tem is either closed, i. e., it does not communicate 
directly with the ccelom cavity (Annulata), or it is open, 
when it merges into other body cavities, as we find it 
among the Mollusca. The development of a heart is 
somewhat complicated, beginning as a mere pulsating 
differentiation in the simple vessel, and reaching its 
highest form in the perfect double vessel of the Verte- 
brates. The circulatory system of the Vertebrates is 
divided into three distinctive parts: the avterzes, which 
conduct the blood from the heart to the organs; the cap- 
illaries, which form the fine anastomosing net within the 
organs; and the vezzs, which collect the blood and con- 
duct it back to the heart. The relation of this system 
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to that of respiration is of the highest physiological im- 
portance. In the Invertebrates there is a so-called body 
heart; the blood empties from the heart into the body, 
thence into the gills and back to the heart. The Cephal- 
opoda have special gill hearts, while in the Annulata the 
flow is direct from the body into the gills. Further dif- 
ferentiation results in the gill heart of the fish, then in 
the zzcomplete double circulation of the Amphibia (where 
the circulation of the lungs is separate from that of the 
heart, but the blood«of both mixes), reaching finally 
the climax in the complete double circulation of the high- 
est Vertebrates, where a body heart and a lung heart are 
distinctly separated. The blood flows from the former 
into the body, thence into the lung heart, through this 
into the lungs and back to the body heart. The form 
of the heart gradually changes from the periphery to- 
wards the centre, culminating in the four-chambered 
organ of the highest animals. 

The fundamental phenomena of locomotion are the same 
in the Metazoa as in the Protozoa: Ameboid locomotion, 
plasma contractility, ciliary locomotion and muscular con- 
tractility. ‘They may all occur at the same time in the 
same body, but the last one is of greatest importance. 
Ameceboid locomotion serves mostly the purpose of dis- 
tributing the food throughout the body (Ameceboid 
migratory cells, white blood corpuscles, lymph cells); 
it also brings about the removal of injurious bodies, and 
plays an important part in embryonic development. 
Plasma contractility is similar to the first, and occurs in 
all tissue-cells which contain protoplasm. Ciliary 
motion is prevalent among the lower Metazoa, because 
only small organisms can be moved by it. Muscular 


contractility takes place among all Metazoa, and depends 
upon the nervous system. 
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Phylogenetic and ontogenetic development of the tissues. 
Simple tissues consist of cells which are alike in compo- 
sition and function. A division of labor produces mzxed ~ 
tissues, whose cells are different in structure and func- 
tion. A further differentiation leads to specialization, 
and a division of labor among the cell complexes or 
tissues occurs. Each tissue is simple but specialized. 
When specialized tissues grow into each other, compound 
tissues arise. ) 

Ontogenetically the specialization of tissues (histo- 
genesis) is direct, but the development of the differentia- 
tions is gradual, representing a repetition of phyloge- 
netic process. The relation of the germ layers to the tissues 
has not yet been finally established, but it may be per- 
missable to give the following survey of the histogenetic 
function of the germ layers of the Vertebrates: 

E:ctoderm: External epithelium and epithelium of the 
cuticular glands, zervve tissue, sensory cells. 

Entoderm : Epithelium of the intestine, of its append- 
ages and glands, chorda, epithelium of blood vessels and 
blood (?) 

Mesoderm: Epithelium of the body cavity, germ epi- 
thelium, glandular epithelium of the kidneys, muscular 
tissue, connective substance. re 

Modes of Reproducton. Reproduction is the goal 
of all active existence. The lower an organism is the 
more pregnant becomes this fact. Posterity is procured 
in many different ways. We mention sexual reproduc- 
tion first. An animal may either produce large masses 
of very small eggs so that many small and imperfect in- 
dividuals are born which have to undergo a number of 
changes before they reach maturity (metamorphosis), 
or it may produce few, but large eggs, rich in yolk, 
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which bring forth individuals comparatively well devel- 
oped (without metamorphosis). ‘The existence of a new 
individual is still more fully assured wherever special 
care in the parental body or under parental supervision 
exists. The chief mode of reproduction among Metazoa 
is sexual reproduction. It requires a mixing of individ- 
uals and thus becomes necessary for every species. We 
distinguish animals wth separate sexes from those in 
which both sexes are in one individual, called hermaphro- 
dites. ‘The latter phenomenon is a secondary adaption 
to new conditions. In both cases the crossing of two in- 
dividuals is the normal requirement. Many lower ani- 
mals simply eject their sexual products into the water, 
leaving the union of male and female form to mere 
chance. The higher animals pass through a compli- 
cated process of copulation, which saves reproductive 
material. Between these two modes theré are a great 
many modifications. Sometimes the spermatozoa alone 
are ejected into the water which carries them into the 
maternal body (into the tissues of the Sponges, into the 
ovaria of Chrysaora, into the gills of some Mollusca). In 
the transition towards copulation male and female live 
together. Whilst the latter deposits the eggs the male 
covers them with spermatozoa (Teleostei). External 
copulation takes place among the frogs. Genuine or in- 
ternal copulation is usual among all terrestrial and many 
aquatic animals. Most insects keep the spermatozoa in 
the receptaculum seminis until the egg is ripe for ferti- 
lization and ready to be discharged. Reptiles and birds 
lay their eggs during the first stages of segmentation. 
Those of the birds cease to develop until incubation be- 
gins. 

The organs of copulation consist in the male of a 
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vesicula seminalis, a ductus ejaculatorius and (mostly) 
of a penis: in the female of a vagina (frequently together 
with a receptaculum seminis). ‘The modifications of the 
penis of some Crustacea, the spiders and the Cephalo- 
poda, deserve special mention. The distinctive charac- 
teristic (dimorphism) of male and female are largely 
confined to the reproductive organs, but other modifica- 
tions (of size and color) arise when the conditions re- 
quire such. The most interesting investigations of this 
kind have been carried on by Kowalevsky and Darwin 
(dimorphism of Bonellia and heterogeny of certain Nema- 
todes). 

Parthogenesis or reproduction from unfertilized eggs is 
derived from sexual reproduction without fertilization. 
According to Weissmann, only one polar body develops, 
instead of two. Occasional parthenogenesis has been 
observed among the butterflies. ormal parthenogenesis — 
takes place, e. g., in the honey bee, whose drones are 
developed from unfertilized eggs. In Cladocera and 
Ostracoda an alternation of parthogenetic and fertilized 
eges occurs. Heteroparthenogenesis is found among the 
Aphides, where two distinct female individuals exist. | 
Those with wings are parthenogenetic; those without 
wings reproduce sexually. Paedo-parthenogenesis occurs 
wherever parthenogenesis and paedogenesis (larval sexual 
maturity) concur as observed in the larvee of Cecidomyia; 
also certain developmental phenomena of Distomea may 
be explained on the same basis. The cause for parthe- 
nogenesis is largely to be explained on economic prin- 
ciples. | 

Reproduction by fission frequently among the lower 
Metazoa. ‘The organism divides into two parts of sim- 
ilar size, in each of which the necessary organs are 
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developed by vegeneration. ‘The power of regeneration 
is the ability to replace lost members of the body. The 
lower the differentiation of an organism the stronger the 
tendency for regeneration. Trembley’s investigations of 
last century show the extraordinary power of regen- 
eration of the fresh-water Hydra. We may cut a Tur- 
bellarian or Annulate worm into two parts, and each 
one will grow into a complete animal again. Similar 
regenerations occur among the Crustacea and Echino- 
dermata; even the Vertebrates exhibit such phenomena, 
e& g., in the growth of the severed extremities of Triton 
and lizard, and in the replacement of finger-nails and 
the healing of wounds. 

The cells along the cut surface give up a part of their 
differentiation, grow very rapidly and furnish material 
for new limbs, but always rebuild the old germ layer to 
which they originally belonged. The division may be 
artificial; we tear a starfish into two parts and vegenera- 
tion follows. In the genus Nais regeneration precedes di- 
vision, even to the partial formation of new organs. Ae- 
generation zones arise whenever a new individual begins 
to appear; division takes place as soon the new forms are 
able to perform the necessary functions, each one de- 
veloping a new zone before separation, so that sometimes 
temporary cormi arise. This constitutes an incomplete 
division resembling budding. ‘The process of division 
only occurs where there is no sexual maturity. Amdry- 
onic division, with premature regeneration, takes place 
when the adult animal is too complicated to permit di- 
vision. We find this phenomenon even in man in the 
development of twins, which may result either from the 
fertilization of two eggs or from the division of an early 


embryonic stage. Incomplete division causes monstrosi- 
ties. 
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A number of other phenomena, not yet fully investi- 
gated, belong under the head of fission. 

Reproduction by budding occurs when only a limited 
part of the adult body develops into a new individual. 
Primordial budding takes place especially among” the 
Cnidaria and the Sponges. An evagination of the body 
wall arises (anywhere), grows in length and assumes the 
form of a young Hydra, with tentacles and mouth open- 
ing. It sometimes separates from the mother and be- 
comes an independent individual; when it remains cormi 
arise, which may branch out like trees. Often the bud- 
ding individuals differ from the sexual individuals, being 
merely persisting larvee. Continued embryonic budding 
occurs in more highly complicated organisms and only 
in certain predisposed places. It begins in the embryo 
when a primary bud arises, from which all later buddings 
are developed. Otherwise it proceeds like primordial 
budding. ‘This phenomena has been observed among 
the Endoprocta, Ectoprocta and many Tunicata. Both 
regeneration and budding may be due to similar causes. 

It has beeu stated before that the various modes of 
asexual reproduction occur only as secondary modifica- 
tions together with sexual reproduction (often in the 
larval stages of an animal), in such a way that the for- 
mer regularly alternate with the latter. An alternation 
of generation takes place whenever two generations with en- 
tively different modes of reproduction and of entirely dtf- 
ferent organization follow each other. Even the phenomena 
of heterogeny might be classified under this definition. 

Alternation of generation is therefore based upon: 

(a) Heterogeny (e. g., Rhabdonema nigrovenosa). 

(b) Parthenogenesis (e. g., Aphides, Distomea). 

(c) Fission*(e. g., Scyphomedusz). 
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(d) Budding (e. g., Hydromedusz). 

The most peculiar combinations arise during these 
changes. The individuals of a cormus may perform the 
same functions (homomorphous), or each one may per- 
form a distinct function (polymorphous). ‘The cormus 
of the Siphonophora consists (according to Leuckart) of 
locomotory individuals, nourishing individuals, repro- 
ducing individuals, etc., thus resembling only organs of 
one and the same individual. 

The considerations of the phenomena of reproduction 
may justify a few remarks on fhe theory of heredity, by 
which the causal relation is to be explained which 
exists between the morphological phenomena of one 
generation and those of a following one. Its aim is to 
interpret not only the repetition of typical character- 
istics, but especially the appearance of new ones, and 
the various ways in which they are transmitted to suc- 
cessive generations. The-first problem has been ex- 
_ plained by the theories of differentiation (which deals with 
the changes of the reproductive cells) and of fertilization 
(which deals with the mixing of characters by the union 
of two individuals). 

The theory of differentiation explains both the develop- 
ment of the organism from the egg, and the reappearance 
of reproductive cells in the new organism. Caspar 
Friedrich Wolff first elucidated the process of differentia- 
tion in the egg of the chick (theory of epigenesis, 1759). 
In modern times three prominent scientists claim to have 
found the true interpretation of the problem: Darwzn, 
in his pangenesis, Nageli in his theory of zdioplasm, 
and Weissmann in his theory of the continutty of the 
germ plasm. ' 

Darwin assumes that minute germ particles of all the 
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cells, constituting the various tissues are carried to the 
generative organs and deposited in the reproductive 
cells, so that all the qualities of the body exist there, as 
we might say, side by side. During development they 
are again distributed to the corresponding parts of the 
new body. It is difficult to show how that process is 
carried out. 

Nageli assumes the existence of a more or less compli- 
cated plasma structure, the idioplasm, which extends as 
a connected network through all the cells of the body. 
It consists of a very large number of elementary parti- 
cles, mzcelle, which posses all the qualities of the indi- 
vidual. The manifold differentiations of the various 
parts of the body are caused by the action of certain de- 
finite rows of similar micellz whilst the others are at 
rest, so that potentially all the cells of the body possess 
the same qualities, but only a few of them manifest them- 
selves atatime. Thus all the qualities of the body are 
present also in the egg cell. 

Weissmann maintains that it is a definite part of the 
cell which causes differentiation, namely the nucleus. 
He applies the name idioplasm to the nuclear substance 
(chromatin), but defines it ina different way. Nuclei 
are separate formations with separate distinct qualities. 
In the nucleus of the reproductive cell, however, are all 
the qualities of the various nuclei present, side by side. 
During development these qualities are distributed to 
- the various cells of the new body. ‘The karyoplasm of 
the reproductive cell (W.’s germ plasm) possesses, there- 
fore, the most complicated structure, whilst that of the 
other cells represents the simplest structure. Some of 
the cells receive the original nuclear substance and are 
deposited as reproductive cells in the new body (conti- 


- 
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nuity of germ plasm). The different kinds of karyo- 
plasmatic formations are consequently « eeagueeme ce! 
the same, resembling Nageli’s idioplasm. 

Hatschek holds, chiefly on the basis of the phenomena 
of regeneration, that not a distribution, but an actual 
change of qualities occurs which is due to the infinite 
possibilities of variation characteristic of the chemism 
of organic combinations. He explains the origin of the 
reproductive cells from the fact that in every organism 
virtually undifferentiated cells are deposited to furnish 
the reproductive cells (continuity of virtual germ cells). 

The theory of fertilization has established the fact that 
conjugation is not a mere influence of the spermatozoon 
over the ovum, but an actual continued existence of its 
organization in the fertilized ovum and its products, 
which implies the transmission of the characteristics of 
both parents, each furnishing one half. This diminishes 
in successive generations. Phenomena of atavism, the 
barrenness of bastards, grafting of hybrids, etc., are of 
importance. 

The fvansmission of individual characteristics may be 
(according to Darwin) either direct, affecting a part or the 
whole of an organism immediately, or zzdzrect, affecting 
the reproductive cells only and manifesting themselves 
in the following generation. Darwin explains the pro- 
cess according to his theory of pangenesis and Nageli 
according to that of idioplasm. Weissmann, on the other 
hand, maintains that acquired or direct changes of the 
body are not transmissable, only those which affect the 
germ cells. He explains this on the basis of his theory 
of the continuity of the germ plasm. A transmission of 
injuries has never been proved; diseases are transmitted, 


from generation to generation, by infection. Special 
E 
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talents manifest in many generations may be traced back 
to the first ancestor of the family. Weissmann also shows 
that the assumption of direct transmission is not neces- 
sary for the explanation of phylogenetic changes. Asa 
consequence of the continuity of the germ plasm it is 
but natural to suppose that all phenomena which effect 
the body effect in some indefinite way the reprodwetive 
cells, producing in them latent changes, which manifest 
themselves in the following generation. A change in the 
constitution of the reproductive cell conditions a change tu 
the constitution of every body cell, t. e., of the entire body. 


CHIEF CLASSIFICATION OF THE 
METAZOA. 


Il. Zodphyta or Celenterata. : 
III. Plathelminthes. 
IV. Vermes. 
V. Arthropoda. 
VI. Mollusca. 
VII. Echinodermata. 
VIII. Zunicata. 
IX. Vertebrata. 
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The body consists of two layers, ectoderm and ento- 
derm. An intermediate layer is either absent, or, when- 
ever it is present, it shows intimate relations to ectoderm 
and entoderm. The digestive track has only one ex- 
ternal opening (mouth). A body cavity between intes- 
tine and cuticle, as well as blood vessels and excretory 
organs, are absent. A nervous system is either entirely 
absent or is but little centralized. 

I Crass. Gastrzada* (showing essentially the struc- 
ture of a gastrula). A. Physemaria. Tubular beings, 
consisting of two layers with one aperture, fastened to 
the bottom of the sea. Generative organs develop in 
entoderm; the entoderm contains foreign bodies. Hali- 
physema, Gastrophysema. A. Dicyemida (parasites in 
Cephalopoda, Echinodermata and Turbellaria). Ecto- 
derm ciliated, forming a continuous layer around the 
solid entoderm, which consists of a single multi-nuclear 
axillary cell, no mouth opening, no digestive tract. 
Generative organs consisting only of ova-like germs 
which develop within the axillary cell apparently with- 
out fertilization. The unicellular germ divides into two 
unequal parts. The larger one (macromere) remains 
undivided and becomes the axillary cell; the smaller one 


*H, van Beneden and Julin suggest the name Mesazoa for this 
class, making it an intermediate series between Protozoa and 
Metazoa; whilst Luckart, Metschnikoff and Whitman consider 
them to be retrograded Plathelminthes. 
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(micromere) repeatedly divides and becomes the ecto- 
derm. Dicyema. C. Orthonectide. Entoderm consists of 
a layer of cells; body externally segmented. A layer 
of muscular fibres between ectoderm and entoderm. 
Sexes separate. Spermatozoa and ova in entoderm. 
The micromeres develop the muscular fibres. The mac- 
romere forms the accumulation of cells. hopfalura. 
Appendix. Trichoplax adherens, peculiar animal dis- 
covered in the marine aquarium at Gratz, consisting of 
three layers, and resembling a ciliated plate of irregular 
shape. It multiplies by fission. | 

II Crass. Porifera or Sponges. 

1. Subclass: Calcaria. Skeleton always present con- 
sisting of calcareouss picules. Asconzde (with simple 
canals): Olynthus. Grantia. Syconide (thick walls 
with straight radial tubes): Sycandra. Leuconide (thick 
walls with branched channels): Leucandra. 

1. Order: Calcispongia. 

2. Subclass: Von-Calcarea. Silicious skeleton. In 
structure they are Leuconide. 

2. Order: Hexactinellide. (Glass sponges). Silex 
spicules either isolated or forming a hyaline lattice-work 
of six-rayed stars, resembling the radial tubes of the Sy- 
conidz. Cemented together by a silicious substance. 
Mostly fossil. Living: LZuplectella (Philippines); Hya- 
lonema (Japan). 

3. Order: Sfprculispongie (needle sponges). Skeleton 
consisting of independent, different silicious spicules ; 
rarely absent. Cemented together in bundles by an or- 
ganic substance or forming a massive, firm network. 
Never cemented together by a silicious substance. Geo- 
dia, Chondrosia, Oscarella and Halisarca (without skele- 
ton). TZethya, Tuberella, Suberites. 
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4. Order: Halichondrine. Skeleton consisting of 
uniaxal silicious needles cemented together by a horny 
substance (spongine). Halichondria, Renicra, Spongilla 
(fresh water), Myxilla, Clathria. 

5. Order: Cevaspongie (horny sponges). Skeleton 
consisting of horny fibres. No spicula of their own. 
Often grains of silex and sand are present as foreign 
bodies. Spongelia, Euspongia officinalis (common toilette 
sponge), Aplysina. 

All sponges with the exception of the Spongillide 
live in the sea. Their external form and structure is so 
variable that a general description is impossible. Their 
internal structure is represented by three types, the 
Asconide, Syconide and Leuconide. ‘The first type (e. g., 
Olynthus) consists of a thin-walled tube, attached at one 
end and open at the other. Its walls is perforated by 
pores, which may open or close whilst the water flows 
through them in the tube and out through the aperture 
or osculum. It consists of two layers: of an almost homo- 
geneous external layer in which cells and calcareous 
needles are imbedded and an internal epithelium of col- 
lared cells resembling the protoplasmic collar of certain 

Flagellata. There may be a thin flat epithelium exter- 
nal to the iayer containing the skeleton so that we would 
get three layers, an ectodermal, an entodermal and a 
mesodermal layer of connective tissue. In the second 
type (e. g., Sycandra) the walls have becom? thicker and 
radial tubes penetrate them from the central cavity so 
that the surface of the sponge shows numerous cone 
shaped elevations above these tubes. They are lined 
with acollar-epithelium, whilst the epithelium of the cen- 
tral or gastrula cavity seems to be changed into a pave- 
ment epithelium. The water penetrates the radial tubes, 
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enters the gastric cavity and makes its exit through the 
osculum. The third type (Leucandra), representing the 
large majority of sponges, shows a still more complicated 
canal system. The collar-epithelium is confined to the 
so called flagellate chambers lying in the thick mesoderm. 
The pores open into branching canals covered with flat 
epithelium, which lead into the flagellate chambers (ad- 
ductory canals). They in turn open into another set of 
branching canals (eductory canals), which lead into the 
central cavity and finally to the osculum. 

The vibration of the flagella of the collar-epithelium 
keeps up a constant flow of water in the canal system of 
thesponges. A highly- developed canal-system indicates 
a loose structure of the body, a highly, developed meso- 
derm always indicates a solid structure of the body. 

The mesoderm of the sponges represents a kind of con- 
nective tissue consisting mostly of a gelatinous consist- 
ence in which variously shaped cells are imbedded. These 
often contain pigment or possess the power of motion 
(wandering cells), or contraction (closing the pores, 
muscular cells). ‘The mesodermal tissue is the seat of 
the various skeleton formations (silicious, calcareous, 
horny). ‘There may be one or more kinds of spicula in 
one individual, occurring either loose or connected into 
skeletons. The same is true of horny fibres. The com- 
mon toilette sponge is simply the horny skeleton of the 
animal with the animal parts removed. 

A nervous system has not yet been discovered (meso- 
dermal ganglion cells?). 

Reproduction is either sexual or asexual. 

Asexual reproduction takes place by external or inter- 
nal gemmation or budding. 

External budding. Buds are formed at different parts 
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of the body, which, by budding, may give rise to stocks 
or colonies. Pseudo-canals arise within the interspaces, 
which must be distinguished from the truecanals. The 
number of oscula may correspond to the number of 
individuals constituting a stock. 

Internal budding (?) Groups of cells (gemmule) sepa- 
rate from the body and develop, after an interval of rest, 
into sponges. (Spongilla.) 

Sexual reproduction. ‘The sponges are largely herma- 
phrodites or dicecious; however, spermatozoa and ova 
are developed at different times ; they are proteranderous 
hermaphrodites. ‘These cells seem to be developed from 
mesodermal cells. 

Development. Oscarella (Halisarca) lobularis mani-— 
fests the following typical phenomena. After repeated 
divisions of the ovum a free swimming larva or Jblastula 
is produced, a spherical form consisting of a single layer 
of flagellate cells. Through invagination a gastrula 
arises which attaches itself at the blastopore, or mouth- 
end, which gradually closes. Between ectoderm and en- 
toderm a gelatinous substance is secreted into which cells 
migrate, probably from the ectoderm. ‘Thus the meso- 
derm (connective tissue) arises. Radial evaginations of 
the entoderm develop from the ccelom, and grow into the 
mesoderm, becoming /lagellate chambers. ‘They connect 
with the surface, either by pores or by evaginations of the 
ectoderm. The osculum is formed at the aboral pole by 
the lengthening of the ccelom, which finally breaks 
through : Sycon stage. 

The relation between the Porifera and the other Ceelen- 
terata is only indirect, since the osculum does not corre- 
spond to the blastoporus of the gastrula, nor to the mouth 
of the Ccelenterata, 
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III Crass. Cnidaria. 

1. Subclass: Hydrozoa. Prototype Hydropolyp or Hy- 
drula. Mouth leads directly into the entodermal canal. 
No gastric filaments. Genital products arise from the 
ectoderm. Sexes represented by different persons. 

1. Order: Aydride (fresh water polyps). Single per- 
sons or small cormi without periderm, consisting of a 
few persons of the same kind. Reproduction, sexual 
and asexual (budding). Hydre develop directly from 
the egg. Hermaphrodites. Hydra, Microhydra in fresh 
water. 

2. Order: Aydromeduse. Wydroid cormi, at least 
dimorphous, since beside the usual sterile nutritive per- 
sons sexual persons arise by budding, which separate 
either as craspedote free swimming meduse or remain 
sessile as medusoid gonophores. In anumber of Hydro- 
medusze the attached Hydroid form is suppressed, inas- 
much as from the fertilized eggs of the craspedote medu- 
see, new medusz are directly developed. .A natural 
classification of this order is an impossibility since the 
observations are still incomplete. 

1. Suborder: Aydrocorallig. Colonies with calcareous 
peridermal skeleton. Genital products develop in the 
gonophores. Stylaster. JZillepora. No corresponding 
medusz. 

2. Suborder: Zubularia. Naked or chitinous colo- 
nies. The chitinous periderm never widens into a cup- 
shaped cell around the polyp head. In some forms the 
medusz are reduced to sessile gonophores. The corre- 
sponding Anthomeduse are craspedote medusez. With- 
out marginal bulbous swellings and without otoliths; 
ocelli at the base of the tentacles. Gonads in the external 
wall of ee digestive stalk; 4, rarely 6 or 8, radial canals. 

EB" 
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The following examples represent the Hydroid form on 
the one side and the corresponding medusze form on the 


other: 


Syncoryne Sarsit. 
Podocoryne carnea. 
Ltudendrion vamosum. 
Bougatnoillea ramosa. 
Stauridium Cladonema. 
Codylophora lacustris (fr. w.) 


Sarsia tubulosa. 
Dysmorphosa carnea. 
Lizusa octocilia. 
Margelis ramosa. 
Cladonema radiatum. 
Wanting. 


Tubularia larynx. 
Unknown. 


Wanting. 
Clenaria clenophora. 

3. Suborder: Campanaria. Wydroid colonies with 
chitinous periderm, enlarging around the polyp heads 
into Campanule into which the heads with the tentacles 
are withdrawn. Modified polyps, without tentacles and 
mouth (Gonangia) develop medusa buds or sessile gono- 
phores, united in groups. The corresponding Lepfo- 
meduse are craspedote medusze, partly with and partly 
without bulbous swellings along the edge, when present; 
they are developed from the velum insertion, with exo- 
dermal otolith cells. Ocelli, either absent or present,. 
along the base of the tentacles. Gonads always along 
the radial canals. Number of radial canals variable. 


Campanularia geniculata. 
Unknown. 

Unknown. 

Campanulina termts. 
Unknown. 

Laomedea caliculata. 
Canaliculata. 


Obelia geniculata. 
Ltucope campanulata. 
Gastroblasta Raffelit. 
Phialidium variabile. 
At quorea Forskalea. 
Wanting. 


Related to the Campanaria are the Plumularie and the 
Sertularie. ‘They are branched Hydroid colonies. The 
nutritive polyps of the former are arranged in single rows; 
those of the latter in double rows, on opposite sides of the 
stem. The genital products are budlike processes (gono- 
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phores) (with a chitinous periderm) which arise in groups, 
on specially modified polyps, without mouth and tent- 
acles. ‘Their nature is not fully understood. 

4. Suborder: The Hydroid form is wanting. The cor- 
responding Zvachomeduse@ are craspedote medusze with 
auditory vesicles which may either project freely on the 
marginal surface above the velum or be enclosed in a 
vesicle which lies in the gelatinous substance of the disc 
and close to the edge of the latter. Ocelli mostly want- 
ing. Gonads always along the radial canals. Hither 4 
or 6 or 8 radial canals, between them often blind centri- 
petal canals. Direct development with metamorphosis. 
Olindias Mullert. Rhopalonema velatum. Aglantha digt- 
talis. Geryonia proboscidalis. Carmarina hastata. 

5. Suborder: Hydroid form wanting. ‘The corres- 
ponding Warcomeduse are craspedote medusz with audi- 
tory vesicles which always project freely on the margi- 
nal surface and contain entodermal otolith cells. Ocelli 
mostly wanting. ‘The tentacles are inserted upon the 
exumbrella which is thus divided into a number of col- 
lar flaps. Gonads in the digestive stalk extending pe- 
ripherally into the radial digestive pouches. Radial 
canals either wanting or present in the form of flat radial 
digestive pouches. Circular canal sometimes obliterated. 
Number of tentacles, flaps and pouches indefinite (4-32). 
Development direct with metamophosis. Cunina, Peg- 
antha. tgineta. A:ginopsis. Solmaris. 

3. Order: Siphonophore. Polymorphous, free swim- 
ming Hydrozoan colonies, whose persons are modified 
craspedote medusz adapted to special functions. 

1. Suborder: Siphonanthe. ‘The heteromorphous per- 
sons bud along a stalk of variable form, resembling the 
digestive stalk of a medusa. 
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1. Family: Calyconecte without pneumatophore and 
tentacle with one or more swimming bells at the upper 
end of the stalk. The remaining heteromorphous per- 
sons arranged into groups (cormidia), which may detach 
themselves either as Eudoxia or Erseea. Praya, Diphyes. 
Abyla. Hippopodius. 

2. Family: Physonecte with pneumatophore, without 
aurophore, with several swimming bells and tentacles. 
Apolemia. Agalma. Anthemodes. Halistemma. Physo- 
phora. Forskatia. 

3. Family: Auvonecte with a large pneumatophore; 
beneath it a circle of swimming bells in whose dorsal 
median line a large (respiratory) air bell (aurophore) 
lies (a modified swimming bell). Stalk shortened and 
thickened. Without tentacle(?). Stephalia. Aurelia. 
Rhodalia. 

4. Family: Cystonecte with a large pneumatophore 
without aurophore. Swimming bells and hydrophyllia 
(protections) wanting. Ahzzophysa Physalia (very short 
stalk, disc-like, thickened). 

2. Suborder: Disconanthe. ‘The heteromorphous per- 
sons are situated on the subumbrella of a disc which en- 
closes a many chambered pneumatophore and resembles 
a medusoid umbrella: The margin of the disk carries a 
circle of numerous tentacles. In the middle of the sub- 
umbrella is the central nutritive stalk or chief sipho. 

5. Family: Désconecte. Discalia. Porpita. Porpalia. 
Velella. 

II Subclass: Scyphozoa. Prototype: the Scyphopolyp 
or the Scyphula. Always with ectodermal cesophagus. 
Gastric or mesenteric filaments are present everywhere 
along the septa. The genital products arise from the 


entoderm. ‘The sexes are generally represented by dif- 
ferent persons. 
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1. Order: Azthozoa (corals). Separate sessile persons 
or colonies. Body essentially a Scyphula. The ecto- 
dermal cesophagus leads in form of a tube into the wide 
gastric cavity which is divided into a number of periph- 
eral diverticula (radial pouches) separated by septa. 
The septa continue with their free internal margin to- 
wards the aboral part of the body. 

1. Suborder .4. Octocorallia. Alcyonaria (or Actino- 
zoa). Generally with 8 septa and 8 tufted tentacles. 
' Polyp colonies of very varying form. Skeleton forma- 
tion very different. Alcyonium, Permatula. Kophobe- 
lemnon. Gorgonia. Isis. Tubtpora 

B. Tetracorallia. 2. Suborder: Augosa. Number of 
septa large, a multiple of 4. With calcareous skeletons. 
Fossil paleozoic forms. 

C. Hexacorallia. 3. Suborder: Axntifatharia (horny 
corals). With 6 or 24 simple tentacles. Colonies with 
a horny auxiliary skeleton. Avztipathes (6 tentacles, 2 
developed septa), Gervardia (24 tentacles and septa.) 

4. Suborder: J/adreporaria (stony corals). Mostly 
colonies, rarely single, with strongly developed calcareous 
skeleton. 6n simple tentacles and septa in larger num- 
ber and variable arrangement. Madrepora. Astrotides 
Fungia. Astrea. Meandrina. Cladocora. Caryophyl- 
lia. Flabellum. 

5. Suborder: Actznaria (fleshy corals.) Mostly single, 
with 6n tentacles and septa in Jarge numbers, and dif- 
ferent arrangement. Without skeleton. Cervzanthus. 
Zoanthus. Actinia. Anemonia. Adamsia. Edwardsia. 

II. Order: Scyphomeduse (Acraspedz). Mostly free 
swimming single persons, bell or disc-shaped ; the mes- 
odermal supporting layer developed into an enormous 
gelatinous mass. The ectodermal cesophagus lies mostly 
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within the digestive stalk, which is suspended from the 
centre of the subumbrella. The four radial pouches of 
the Scyphula are retrograded in the higher forms. The 
exumbral and subumbral walls of the gastric cavity fuse 
in such a way as to form only a system of radial gastro-. 
canals of different structure. With tufts of gastric fila- 
ments Genuine velum wanting; instead marginal lobes 
with prolongation of the gastro: vascular system. 

A. Medusze with highly arched umbrella; the 4 
radial digestive pouches and their separating septs more 
or less distinctly preserved. 

1. Suborder: Stauvomeduse. 4 septa preserved (Lu- 
cernaria) or reduced to 4 knots (7esseva), 4 or 8 gonads 
in the subumbral wall of the 4 digestive pouches; with- 
out sensory vesicles. Lucernaria (sessile 8 marginal 
lobes, each carrying a tuft of tentacles). -7essera (free 

without distinct marginal lobes, with 8 tentacles). 
2, Suborder: Peromeduse. 4 septa reduced to 4 knots, 
therefore the 4 pouches united into a circular sinus. 8 
gonads at the subumbral wall of this sinus. With 4 in- 
terradial sensory vesicles. 8 or 16 marginal lobes, 4 or 
12 tentacles. fericolpa. Perlphylla. 3 

3. Suborder: Cubomeduse (Charybdeide). 4 septa pre- 
served; 4 pairs of gonads on the septa, freely protruding 
into the digestive pouches. With 4 perradial sensory 
vesicles, containing an auditory vesicle with an ento- 
dermal otolith sac and carrying one or more eyes; 4 in- 
terradial tentacles or tentacle tufts. - Mostly with vela- 
rium. Charybdea, Chirodropus. 

B. Meduse with flat discoid umbrella. /The four 
primary digestive pouches of the Scyphula retrograded 
through disappearance of the septa. Instead there are 
secondarily developed (as a remnant of the fusion of the 


CTENOPHORA. 87 


exumbral and subumbral vascular-lamella) 8, 16, 32, or 
more broader or smaller, often anastomosing radial canals. 
The 4 interradial septa (remnant of the original septa) 
or teeniola carry the phacella or tufts of gastric filaments. 
Development either directly with metamorphosis or with 
alternation of generations. In the latter case the gas- 
trula develops into a sessile Scyphula which becomes a 
young sessile medusa (Scyphistoma). The Scyphis- 
toma is capable of reproduction by fission or budding 
(strobilation). Theconstricted medusz (Ephyra) change 
by metamorphosis into the adult form 

4. Suborder: Discomeduse. 1. Family: Cannostome. 
With simple mouth tube, without oral arms, with square 
mouth and short solid tentacles. NMazuszthoé. 2. Family: 
Semostome. With four large multi-lobed oral arms and 
cross-shaped mouth. With long, hollow tentacles. 
Pelagia noctiluca. Cyanea. Aurelia aurita. 3. Family: 
Rhizostoma. Mouth closed. With numerous suctorial 
mouths on the 8 long root like oral arms, without ten-— 
‘tacles. Cassiofea. Pilema (Rhizostoma). Cotylorhiza. 
Crambessa. Cannorhiza. 

IV CrAss. Ctenophora. 

1. Order: Zentaculata. With two lateral tentacles 
which can be retracted into pouches. Gastro-vascular 
canals end blindly. 1. Family: Cydippide. Body 
spherical or oval. Hormiphora. 2. Family: Lobate. 
Body laterally compressed with two oral lobes in the 
median plane. 

Eucharis. 3. Family: Cestide. Body elongated to the 
form of a band in the direction of the sagittal plane; 
without oral lobes. Cestus. 

2. Order: Nuda. Without tentacles. Mouth wide, 


cesophages very large; gastro-vascular canals strongly 
anastomosed. 4. Family: Beroide. Beroe. 
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General Description. 'The Cnidaria are Metazoa witha 
persisting primary axis, and of radial structure; with 
epithelial muscle and nerve tissue, and with nemato- 
cysts (nettling cells or lasso-cells); their germ epithelia 
arise either from the extoderm or entoderm. Their 
ancestral type is polypoid (Avchhydra of Haeckel). 

We distinguish two fundamental forms of structure: 
the sessile folyp form and the free swimming medusa 
form. Some Cnidaria become sexually mature, as 
polyps, others later in their medusa condition; the 
transition takes place by means of an alternation of gen- 
eration. Phylogenetically the sessile form is the earlier 
from which the medusa form has been derived by adapt- 
ation to the free swimming mode of life and by higher 
differentiation. 

The body of the polyp has the form of a ¢ube, grown 
fast to its support at its basal end (fole of attachment), 
whilst the other free end shows the mouth opening (oral 
pole). Near this end isa circle of mobile, very contractile 
tentacles, which thus divides the body into two regions, ~ 
the oral disc and the aboral disc or the cup. 

Two anatomically distinct types are known. 1. The 
Hy dropolyp or Hydrula. A primary mouth opening leads 
directly into the very simple primitive gastric cavity 
which continues only within the tentacles. ‘The body 
Wall consists of the ectodermal epithelium and the ento- 
dermal epithelium, which join at the mouth opening: 
between them lies a gelatinous layer, free from cells. 
The same layers are in the tentacles. 2. Scyphopolyp or 
Actinopolyp. A secondary mouth opening leads into an 
cesophagus, which is internally covered by the ectoderm 
(evagination of body wall); at the zzternal esophageal 
opening, ectoderm and entoderm join. The primitive 
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gastric cavity (the gastro-vascular cavity) is more com- 
plicated on account of its projecting longitudinal ento- 
dermal folds (sef/a), so that we distinguish in.it a central 
stomach and peripheral gastric canals. In the cesophageal 
tube the septa are broader and mostly grown together 
with it, so that the gastric canals continue here as gastric 
pouches, reaching into the tentacular cavities. The septa 
are situated between every two tentacles. The body 
wall consists of three layers, the gelatinous layer, how- 
ever, containing mesenchymal cells (connective tissue 
cells). 

The body form of a medusa corresponds in a general 
way to that of an arched discor bell. The convex aboral 
surface (cup of polyps) is uppermost, it has the name ex- 
umbrella. Around the margin of the disc is a czrcle of 
tentacles (homologous to that of polyps). The lower con- 
cave surface, called swbumbrella, is homologous to the 
mouth disc of the polyp; it carries in its centre a stalk- 
like process (digestive stalk, mouth stalk) at whose lower 
end the mouth is situated. The gelatinous layer has 
thickened into a powerful disc (umbrella) lying beneath 
the exumbrella. The gastro-vascular system is thus 
pressed closely to the surface of the subumbrella. In 
this connection it is generally so transformed that only 
its central part remains a cavity (central stomach), whilst 
its peripheral part forms a system of canals, mostly vadzal 
canals and a marginal ving canal into which the tentacu- 
lar canals open. z 

The exumbrella is covered with a simple pavement 
epithelium. The margin of the disc does not only bear 
the tentacles, but also the epithelial nervous system 
(double ring of ganglionic nerves in Hydromeduse, a 
number of ganglia in Scyphomedusze) and the numerous 
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sensory organs (auditory organs, eyes), It also has in 
the Hydromeduse a contractile marginal border or velum 
beneath the tentacles which narrows (like a diaphragm) 
the entrance to the bell cavity; in the Scyphomeduse, 
however, it is prolonged into a number of marginal lobes. 
The subumbrella possesses a strong muscular epithelium 
by whose (and that of velum) contraction the water is 
rhythmically ejected from the bell cavity. The reac- 
tion propels the animal in the direction of the aboral 
pole; the elastic gelatinous disc acts as an antagonist to 
these muscles. 

Two types of medusz are, therefore to be distinguished 
the Hydromedusze and the Scyphomedusze. However 
much similarity there is in the structure, a closer mor- 
phological investigation shows that they do not descend 
from one and the same type, but the one from the Hy- 
dropolyps the other from the Scyphopolyps. The Cni- 
_ daria are.therefore divided into two chief divisions, the 
Flydrozoa and the Scyphozoa each of which contains 
earlier polyp forms from which méedusz forms originated, 
The germ epithelia of the Hydrozoa are ectodermal, those of 
the Scyphozoa entodermal. 

The histology of the Cnidaria has been indicated under 
the general head of the Metazoan histology. 

The characteristic radial structure of the Cnidaria is. 
based upon a repetition of like organs around the chief 
axts. ‘The intercalation of new radii, which may be 
either regular or irregular, is the law of growth govern- 
ing the multiplication of the radii. 

Reproduction and development. ‘The sexes of the Cnida- 
ria are, with a few exceptions, separate. The genital 
products are in most cases simply emptied into the 
water, The eggs are generally very small and very 
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numerous. Segmentationis equal. Gastrulation occurs 
_ either by polar invasion or by invagination or by epibol- 
ism. The typical larva of the Cnidaria is the so-called 
planula, a long, oval, ciliated form consisting of an exter- 
dal ectoderm epithelium, and an internal compact ento- 
dermal mass, without protostoma and ccelom. In this 
condition the larvee does not take any nourishment, and 
is capable of rapid locomotion. ‘The planula fastens 
itself with the apical pole, and changes into a polyp, 
which represents either the final form (Actinozoa) or 
produces by fission or budding meduse (Hydromeduse, 
Scyphomedusz). In some cases medusz arise directly 
from the planula (Haplomorpha, Pelagia). Reproduc- 
tion by (primordial) budding or fission, is very general, 
and may take place in the planula stage, but most 
frequently in the polypoid stage. A bud arises by 
an evagination of all the layers of the body wall, form- 
ing either polyps or medusze; medusze, however, only 
produce medusz by budding. The new individuals 
may either detach themselves from the parent skin 
(Hydra, medusz) or form cormi (Polyps, Siphonophora). 
Fission takes place either longitudinally, and is as such 
complete or incomplete (cormis), or transversely (stro- 
bila), and is as such always complete. 

General description of Ctenophora. ‘The Ctenophora are 
Metazoa with a persisting primary axis, and a modified 
radial structure. They possess an ectodermal cesophagus 
and a partly radial gastro-vascular apparatus, an apical 
sensory (nerve) plate, eight meridional rows of ciliated 
plates, in most cases a pair of tentacles and highly devel- 
oped muscular and connective tissues They are her- 
maphrodites. | 

The Ctenophores are gelatinous, slightly colored, 
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transparent animals, provided with two long tentacles 
and swimming freely in the ocean; their general size 
varies between one centimeter and several decimeters. 
They resemble the medusz in form and habit, differing, 
however, very markedly by their peculiar mode of loco- 
motion which is carried on by eight meridional rows 
of conspicuous comb-shaped organs. The shape of a 
simple Ctenophore is that of an egg or pear, with the 
oral pole generally on the upper surface; the opposite 
region is termed apical, or aboral or sensory pole. The 
structure of the body is guadriradial (each radius being 
forked), each radial plane containg two unequally dif- 
ferentiated interradei which are either medial, corres- 
ponding to the direction of the mouth slit, or transverse, 
lying in the direction of the tentacles. ‘This radiation is 
conditioned by the position of the organs which may 
therefore be divided into vadzal (4 times repeated) and 
adradial (8 fold), medial (2 fold) and fransverse (2 fold). 
' Stereometrically the body can be divided into two sym- 
metrical halves, each one representing a symmetrical 
body. — 

The external body epithelium is rich in pigment cells, 
irisated cells and glandular cells. Its differentiations 
are the contractile, richly pigmented fezzacles, further 
eight rows of czliated plates which proceed in four pairs 
towards the apical pole. ‘The sensory plate lies in a con- 
siderable depression, an ectodermal thickening consist- 
ing of high narrow cellsand probably representing the 
central nervous system. It is directly connected with 
the different sensory organs; from its surface radially 
‘arranged compound sensory hairs arise carrying oto- 
liths (auditory organ); four pigment masses probably 
represent eyes and two ciliated polar fields joining the 
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Sensory plate in a median direction are generally consid- 
ered to be organs of smell. 

The mouth opening is a split lengthened in a median 
direction ; from it an ectodermal strongly ciliated ceso- 
phagus procedes leading into the transverse central 
stomach (z2fundibulum) of the gastro-vascular apparatus, 
from which the following peripheral canals radiate: 4 
vadial canals which fork and thus form 8 adradial mer7- 
dional vesicles; two transverse esophageal vessels disappear- 
ing near the mouth; two transverse ¢entacular vessels 
ending within the base of the tentacles; the zzfundzbular 
canal, an axial continuation of the infundibulum open- 
ing near the sensory plate. . 

The mesodermal gelatinous substance contains connective 
tissue cells, mesenchymal muscle fibres and probably zerve 
fibres. 

_ The gonads are situated along the meridional vessels, 

ovaria along the one side and testes along the other; 
they are ejected through the gastro-vascular apparatus. 
(See Chun’s monograph on Lucharis). 

Their reproduction is exclusively sexual. Develop- 
ment is direct. ‘The egg is small, but rich in yolk (cen- 
trally situated). Segmentation is unequal. The gas- 
trula is formed by a process which is both epibolic and 
embolic. At the blind end of the entodermal sac a cell 
plate is formed, which represents the wzzgue structure of 
the mesoderm. (Metschnikoff). The cesophagus arises 
by evagination of an ectodermal tube on the vegetative 
pole: the protostome (as cesophageal opening) is thus low- 
ered. Four gastric pouches arise in the direction of the 
primary radii. Inthe surface eight groups of ciliated 
plates appear; then the sensory plate at the apical pole, 


with the characteristic auditory apparatus, finally the 
tentacles remarkably near the apical pole. 
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There are no other homologies between the three 
higher classes of the Coelenterata than those which are 
the result of the common derivation from the gastrea, 
common to all Metazoa. 
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I Crass: Turbellaria. Independent Plathelminthes 
with ciliated body-epithelium, living mostly on the bot- 
tom and under stones in ocean and rivers. 

1. Order: Polycladidea (pelagic forms). Large Turbel- 
laria with flat, leaf-like body, with numerous ovaria and 
testes, without yolk glands, mostly with two separate 
external sexual apertures. The alimentary canal sends 
out numerous branches which anastomose. 

1. Tribe: Cotylea. Ventral proboscis furnished with 
papille. Mouth and pharynx central or anterior. Ten- 
tacles wanting or present on the anterior margin of the 
body. Anonymus. Thysanozoon. Yungia. Cyclo- 
porus. Stylostomum. Eurylepta. Prosthiostomum. 

2. Tribe: Acotylea. Without proboscis. Mouth and 
pharynx central or posterior. Tentacles wanting, or 
two present on the anterior dorsal region. Planocera. 
Leptoplana. ‘Trigonoporus. Cestoplana. 

-2. Order: ZVvicladidea (pelagic, fresh water and terres- 
trial). Body flat and of considerable length. Mouth 
and protrusible pharynx posteriorly. With a common 
external sexual aperture with two germ stocks and. 
numerous testes and yolk glands. ‘The alimentary canal 
consists of an anterior, unpaired and two lateral pos- 
terior branches, which lead into side branches. Planaria. 
Dendroccelum (fresh water). Geodesmus. Bipalium 
(terrestrial). Gunda segmentata (pelagic). 

3. Order: Rhabdocelidea. In fresh water and marine. 
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Small forms. Alimentary canal, when distinctly visible, 
a cylindrical, straight, blind sac, either without any or 
with very few distinct lateral branches. 

1. Tribe: Alozocela, Alimentary canal distinctly sep- 
arate from the parenchyma, frequently with short, lat- 
eral diverticula. Numerous testicular vesicles. Female 
germ glands either two ovaria or two germ yolk glands, 
or separate germ and yolk glands. Monotus. Plagios- 
toma. Vorticeros. . ; 

2. Tribe: Rhabdocela. Alimentary canal sharply sep- 
arated from the parenchyma, without lateral diverticula. 
Frequently large interstices arise in the parenchyma 
filled with a liquid substance and forming a kind of body 
cavity. Two large testes. Female germ glands, one or 
two ovaria or one or two germ stocks and yolk glands, 
or two germ yolk stocks. Vortex. Graffilla (parasitic). 
Macrorhynchus. Mesostoma. Prorhynchus. Micros- 
toma and Stenostoma (both with separate sexes). Ma- 
crostoma. ; | 

3. Tribe: Acela. Without distinct alimentary canal; 
with digestive parenchyma. Without excretory organs; 
with numerous very small testicular vesicles and two 
ovaria. Nadina. Convoluta. 

II Crass: Trematoda (Flukes). Parasitic unség- 
mented. Plathelminthes without cilia, mostly with 
forked alimentary canal. Mouth and pharynx at the 
anterior end of the body; two testes, one germ stock and 
two branching or numerously lobed yolk stocks. 

1. Order: Hetoparasitica (monogenetic Flukes). With 
at least three suckers. Development direct, without 
alternation of generation; life history simple, without 
heterogeny. Tristomum. Diplozoon (two young imma- 


ture animals early unite crosswise and in this condition 
become mature). Polystomum. Gyrodactylus. 
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2. Order: Lxtoparasitica (digenetic Flukes). With 
two suckers at most. Life history with heterogeny. Dis- 
toma hepaticum, lanceolatum, both in the gall ducts of 
the sheep’s liver. Distomaisostomum. Gynzecophorus 
heematobius, in the blood of Africans, both with sepa- 
rate sexes; the male with a groove, the canalis gynzeco- 
phorus, on the ventral side for the reception of the female. 
Amphistomum Monostomum. The Sporocyst and Redize 
generally live in water snails; the sexual generation 
mostly in the alimentary canal cf the Vertebrates. 

III Crass: Cestoda (tapeworms). Entoparasitic Plat- 
helminthes. without cilia and without alimentary canal, 
with numerous testicular vesicles, two germ stocks and 
one or two lobed yolk stocks. Organs for attachment at 
the anterior extremity. 

1. Order: A7onozoa. Unsegmented single persons. Am- 
philina. Caryophylleus. Archigetes. 

2. Order: Folyzoa. Colonies of Cestoda arising by 
strobilation: segemented tapeworms. With scolex and 
proglottides. Phvllobothrium. Tetrarhynchus. Ligula 
Gindistinct external segmentation). Bothriocephalus 
latus: broad tapeworm in the alimentary canal of man. 
Over 3,000 proglottides. With two sucking pits at the 
head. Sexual apertures in the middle of the ventral 
surface of the segment, one behind the other. Larva 
ciliated,aquatic. It becomes a Scolex, with six hooks, and 
lives in the flesh of the pike, the eel-pout, and perhaps 
‘of other fish. Schistocephalus. Trizphorus. Tenia; 
with four suckers. T. saginata (mediocanellata) without 
hooks at the rostellum, with over 1,000 proglottides, 
sexual apertures marginal; in the alimentary canal of 
man. The Cysticercoid lives in the muscles of cattle. 


T. solium; armed tapeworm of man, with double circle 
F 


98 PLATHELMINTHES. 


of hooks at the rostellum; sexual apertures marginal. 
About 800 proglottides. Cysticercus cellulose in the 
flesh of swine. ‘TI. serrata in the intestine of the dog. 
Cysticercus pisiformis in the liver of rabbit and hare. T. 
crassicollis in the intestine of cats. Cysticercus fascio- 
laris in the liver of mice. T. cucumerina in the intestine 
of the dog; its cysticercoid scolex in the body of the dog- 
louse. ‘I’. coenurus in the intestine of the dog. Its cor- 
responding cysticercoid Coenurus cerebralis in the brain 
and spinal cord of the sheep. ‘T. echinococcus in the 
small intestine of the dog. Echinococcus veterinorum 
in the liver of man and different domesticated hoofed 
animals. 

General Description.—The Plathelminthes (or Platodes) 
are Scolecida (see below), without an anus; their bedy 
is dorso-ventrally flattened; their highly developed mes- 
enchyma produces the muscular cutaneous envelope, the 
dorso-ventral muscles and the muscles of the intestine, as 
well as the parenchymous connective tissue. which en- 
tirely or partly fills the primary body cavity; they possess 
a much-branched protonephridium (water vascular sys- 
tem); they are mostly hermaphrodites with complicated 
sexual organs. Of the three classes the Zurbellaria 
represent the ancestral group; from them the 7vemadota 
are derived, and from them again the Cestoda. 

The epithelium of the Turbellaria is a well developed 
vibratile epithelium, whilst that of the adult Tremadota 
and Cestoda, forming cuticular excretions, are hardly 
noticeable; subepithelial unicellular glands are generally 
present. The characteristic muscular cutaneous envelope 
of the Plathelminthes consists of an external continuous 
circular layer of muscles, of an tnternal layer of longitudinal 
muscles, arrayed in bundles and of an innermost network 
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of diagonal muscle fibres. ‘The dorso-ventral muscles, be- 
tween the inner organs, anastomose at their ends. The 
parenchymous connective tissue, being largely vesicular 
(sometimes branched free cells), fills almost the entire 
primary body cavity, but often more or less conspicuous 
interstices remain as remnants of the primary body cavity. 
We also find various muscles of the alimentary system. 
The zervous system consists of the cerebral ganglia and 
the peripheral nerves, and is in all parts imbedded in the 
parenchyma and in the muscular layers. The cerebral 
ganglion is not far removed from the point of origin (the 
anterior or vertex pole); it is mostly two-lobed or entirely 
separated in two parts, which are connected by a trans- 
verse commissure (Trematoda). Numerous anterior 
nerves continue towards the anterior termination of the 
body, whilst the pazred longitudinal nerves extend pos- 
teriorly, the ventral pair being the strongest and most 
constant; the dorsal pair and the two lateral nerves are 
less frequent (Polycladidea, Accela, Tremadota). An 
cesophageal nervous system is present in the Dendroccela. 
The peripheral nerves are often connected by commis- 
sures (transverse commissure of the posterior ventral 
region; even a network occurs beneath the cutaneous 
muscular envelope. Ganglionic cells are mostly present 
in the cerebral ganglion; sometimes in the peripheral 
nerves. The Turbellaria have two, four or more pairs of 
eyes at the anterior end of the body; also an unpaired 
auditory vesicle, ciliated pits and tentacles in the same 
region. Among the ectoparasitic Trematoda and the 
larve of the entoparasitic Tremadota occur cerebral eyes 
and organs of touch. To the Cestodes can only be ascribed 
a somewhat intensified sensitiveness of certain parts of the 
integment. Special sense-organs wanting. The aliment- 
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ary canal of the Plathelminthes consists of the cesophagus 
and the stomach (intestine). The mouth performs also 
the functions of rectum and anus, which are wanting. 
The Cestoda feed endosmotically, so that the alimentary 
canal is degenerated; in the Accela the digestive paren- 
chyma performs the function of the gastric system. The 
cesophagus is generally divided into two parts, an an- 
terior diverticulum and a posterior muscular pharynx, 
which can be protruded like a proboscis (Turbellaria), or 
serve as a sucking pump (Trematoda). Salivary glands 
are frequently imbedded in the muscular tissue of the 
pharynx. ‘The stomach (intestine) shows the tendency 
to branch out (Dendrococela, Trematoda) and to anasto- 
mose. Only that of the Rhabdoccela is a straight, blind 
sac, lying above the cesophagus. Its epithelium is mostly 
ciliated. The apparatus of excretion, generally termed 
water-vascular system, is distinguished by its numerous 
branches, which increase with the size of the forms; the 
excretory capillaries are very numerous and the collect- 
ing canals are more or less branched, showing even an- 
astomosis. Various modifications in arrangement and 
external opening occur already among the Turbellaria. 
A pair of longitudinal trunks, opening externally near 
the posterior end, represent the original type; they may 
also open more anteriorly on the ventral side (Mesostoma), 
or even at the posterior end; a median union of the main 
trunks also occurs. Among the Dendroccela numer- 
ous openings of the two (or more) main trunks on the 
dorsal surface have been observed. The excretory organs 
of the monogenetic Trematoda (Polystomum) generally 
open separately on the dorsal side, whilst the paired main 
excretory trunks of the digenetic Trematoda (Distoma) 
open into a posterior, unpaired urinary bladder. Among 
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the Cestoda an increase of the main trunks is the rule; 
numerous secondary openings occur together with the 
main opening. 

The Plathelminthes are, with few exceptions (Micro- 
stoma, Distoma hezmatobium) hermaphrodites. Both 
sexual organs open in most cases into a common aper- 
ture on the ventral surface back of the mouth. The 
male apparatus consists of the paired /estes and Vasa 
deferentia, a ductus ejaculatorius, prostate gland and an 
protrusible penzs. The female organ is more complicated 
since the egg which develops in it is of compound char- 
acter. The egg cell is derived from the (paired or un- 
paired) ovarium or germ stock, modifications of which 
develop into yolk stocks with numerous yolk cells, repres- 
enting a secondary nutritive material or abortive eggs. 
The ovarian ducts and yolk passages \ead into the external 
passage (first into the ootype); here the egg is fertilized, « 
and together with a number of yolk cells enclosed by a 
- chitinous secondary envelope which is secreted by special 
shell glands; the egg passage then terminates in the 
vagina, the organ of copulation. In most cases there is 
also present an wéerus for the collection of the fertilized 
eggs and a veceptaculum seminis, both being differentions 
of either oviduct or external egg passage or external 
sexual aperture. . 

The modifications of the complicated sexual apparatus 
are multifarious and form an important and interesting 
chapter in the comparative anatomy of the Plathelmin- 
thes. The fundamental type of both sexual organs is 
represented (1) by two pairs of longitudinal canals, the 
gonad passages which contain in form of peripheral di- 
verticula the gonad (testes, ovaria) and (2) by the organs 
of copulation (penis, vagina). The former possess a 
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mesodermal epithelium, the latter an ectodermal epi- 
thelium. 

The eggs of the Plathelminthes are small, especially 
when a secondary nutritive material is present; segmen- 
tation is, therefore, equal, but the segmentation cavity 
is very small and gastrulation very probably epibolic 
(general among Scolecida). ‘The whole animel has the 
general organization of a Plathelminth when it leaves 
the egg, but certain modifications occur. Only the 
larvee of the pelagic Planaria possess in their peroral cir- 
cle of cilia a larval organ which is probably palingenetic. 
The other Turbellaria, as well. as the ectoparasitic 
Trematoda, undergo a direct development. The Distome 
possess a so-called infusorial larva, which has the essen- 
tial organs of the Plathelminthes in rudimentary form. 
They are covered with large, ciliated cells (embryonic 

*envelope) which afterwards disappear. Also the Cestoda 
possess ar embryonic envelope, either forming a ciliated 
cell layer (Bothriocephalus) or a shell-like apparatus 
(Tenia). ‘The larva itself is very small and rudimen- 
tary. Both Distome and Cestoda undergo a remarkable 
metamorphosis, whose individual stages must be looked 
upon as forms secondarily acquired. ‘This series undergoes 
further complications through asexual reproductive pro- 
cesses. Reproduction by fission occurs among all the 
Plathelminthes, parthenogenesis among the Trematoda. 

The distinction between the Celenterata and the Plathel- 
minthes may be based upon the general structure of the 
body cavity. "The former constitute the one great sub- 
division of Metazoa with only one alimentary body 
cavity, whilst the latter, with all the other Metazoa, 
constitute the Cwlomata, which possess a series of body 
cavities. The transition from the Ctenophora to the 
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Turbellaria is represented by two forms: the Celoplana 
Mecznikowi and the Ctenoplana Kowalevskit. ‘They are 
not yet bilaterally symmetrical. They resemble the 
Ctenophora inasmuch as they possess an aboral sensory 
organ, eight rows of ciliated plates, tufted tentacles, 
and the same general structure; they are related to the 
Polycladidia by their flattened body, capable of crawling, 
their general ciliation, their skeletal membrane, their 
muscular fibres, the general arrangement of their gastric 
canals, two dorsal tentacles and a dorsal nerve centre (?) 
and a water vascular system (?). 

Hatschek includes the Plathelminthes (Platodes) un- 
der his IV. phylum, the Zygoneura, containing the 
Scolecida, Articulata, Tentaculata and Mollusca, on the 
_ground that they all possess a common ancestral larval 
form, the trochophora. ‘The stage which ontogenetically 
precedes the trochophora is called the protrochula (no rec- 
tum). The Rotatoria always resemble the trochophora, 
whilst the Platodes only reach the protrochula stage 
(also called pilidium or scolex), whence they develop 
in a different direction from the other Zygoneura. This 
fact distinguishes them also from the other classes of the 
Scolecida. The Scolecida (see Hatschek’s table) are 
Zygoneura with a primary body cavity, with mesenchy- 
mal muscles, with protonephridia and and with primary 
diverticular gonads. ‘Their nervous system is mostly 
subepithelial. They are very small (often microscopic) 
animals of sluggish habit. 
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The branch of Vermes does not form a very homo- 
geneous or natural division of the animal kingdom. 
Its characteristics are, therefore, largely negative. All 
worms are dilaterally symmetrical animals of the most 
variable form. They surpass the preceding branches, 
inasmuch as they possess an azus and a blood-vascular 
system, which physiologically performs the functions of 
the gastro-vascular system. The absence of anus and 
blood system indicates secondary retrogression. ‘The 
mouth opens on the ventral side of the anterior end of the - 
body. A body cavity is either wanting or very variously 
developed. Beneath the external body epithelium there 
isin all shell-less forms a strong muscular layer (muscular 
cutaneous envelope). ‘The nervous system is likewise ot 
diversified structure. Only the presence of a nerve centre 
(brain, supra-esophageal ganglion) above the cesophagus 
is constant. In most cases a nerve ring, encircling the 
cesophagus (esophageal ring), occurs, from which Jongt- 
tudinal commissures proceed posteriorly, different in 
length, position and arrangement. All these parts, brain, 
cesophageal ring and longitudinal commissures belong to 
the central nervous system. Segmented body appendages 
(extremities) are wanting as well as a,separate, muscular 
(ventrally situated) locomotory organ (foo/). A strictly 
localized central organ of the blood system (eart) has 
only been observed among the Brachiopoda. 

I Crass: Nemertini (Rhynchoceela). Body ciliated, 
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externally unsegmented, of elongated form, Gorso-ven- 
trally flattened. Without a distinct body cavity, ali- 
mentary canal straight, mostly with lateral diverticula, 
anus at the posterior end of the body. Above the ali- 
mentary canal lies a separate protrusible proboscis, 
generally before and above the mouth. The central 
nervous system consists of a brain lying between pro- 
boscis and cesophagus and of two lateral commissures. 
Blood-vascular and excretory systems present. Sexes 
separate. Through regular repetition of internal organs 
(lateral digestive diverticula, circular commissures of the 
longitudinal nerves, sexual glands) a kind of internal 
segmentation (pseudometamerism) frequently arises. 
Almost exclusive pelagic. 

1. Order: Palgonemertini. Head without deep lateral 
longitudinal furrows. Proboscis without stylets. Mouth 
back of the brain. Carvinella. Folia. 

2. Order: Schizonemertinz. On either side of the head 
a deep, longitudinal split. Proboscis without stylets. 
Mouth back of the brain. Lznzeus. SBorlasia. Cerebra- 
tulus. Langia. 

3. Order: Hoplonemertint. Head without lateral fur- 
rows. Proboscis with one or more stylets. Mouth 
mostly before the brain. Amphiporus. Drepanophorus. 
Tetrastomma. Nemertes. ; 

4. Order: AZalacobdellint. Head without lateral fur- 
rows. Proboscis without stylets. A sucking disk at 
the posterior end of the body. Malacobdella, parasitic in 
sea mussels. 3 

II Crass: Nemathelmia (round worms). Body tu- 
bular, spindle or thread-like, unsegmented, covered with 
a thick cuticula. Body cavity generally spacious. Ali- 


mentary canal straight or wanting. Anus at the pos- 
pr 
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yerior end. No blood-vascular or excretory system re- 
sembling those of other worms. Sexes generally separate. 
Nervous system; an cesophageal ring, a medio-dorsal 
and medio-ventral longitudinal commissure. Internal 
metamerism wanting. Only the circular commissures 
of the longitudinal nerves repeat themselves pretty regu- 
larly among the Nematodes. Mostly parasitic. 

1. Order: Wematodes. With alimentary canal, with- . 
out proboscis. Family Zxopliide without pharynx, fre- 
quently with eyes, live free in the ocean, more rarely in 
fresh waters or on land. Family: Angwuillulide. Small 
animals (either parasitic or free) with double pharynx, 
without eyes. TZylenchus scandens (in wheat). Anguzl- 
lula aceti in paste, vinegar, etc. Rhabditis nigrovenosa. 
Indamp, muddy ground. Sexes separate. The females 
are viviparous, but produce only very few (4 at most) 
larvee which enter the lungs of frogs and toads and 
develop there into mature but hermaphroditic animals 
(Ascaris nigrovenosa), out of whose fertilized eggs the 
free living Rhabditis generation arises. Their life his- 
tory is characterized by a kind of heterogeny. Spher- 
ularia bombt. ‘The Rhabditis larval form lives in the 
earth. ‘The fertilized females enter the females of the 
bumble bee, in whose body cavity or alimentary canal 
they become parasites. The pregnant uterus evaginates 
from the genital opening (like a hernial protrusion) and 
becomes a large tube, on which the body of the worm 
forms only a small insignificant appendage. Mermzthide. 
Without anus. Larve parasitic in the body cavity of 
insects, emigrate into damp ground, where they become 
mature and reproduce themselves. Mermis nigrescens. 
Filariide. Filaria medinensts. Medina worm, 5-2 mm. 
thick, 1 meterlong, in the tropical regions of the old 
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world. In the subcutaneous connective tissue of man. 
Larvee in small crabs (Cyclopide). 7Z7chotrachelide. 
Trichocephalus dispar, whipworm, posterior part of body 
swollen. In the human colon. T7Zvchina_ spiralis. 
Mature asso-called intestinal Trichina in the small intes- 
tine of man, and of many mammals; it is viviparous, 
female about 3 mm. long, male half as long. The 
young bore into the intestinal wall, and from here they 
penetrate (through the body cavity and the blood vessels) 
the muscle fibres, where they encyst themselves in a 
calcareous cyst or capsule. Man receives them through 
infected pork. The chief carriers of the Trichina are 
the rats. 

Strongylide. Dochmius (Anchylostoma) duodenalis, 
with astrong, mouth capsule, armed with teeth. Female 
2cm., male half as long. Jn the small intestine of 
man (Egypt, Brazil, India, Switzerland, Italy, Belgium). 
Especially frequent among miners, producing miners’ 
anemia. Fustrongylus gigas. Female 30-100 cm. long. 
In the kidney of the dog and othermammals. Ascaride. 
Ascaris lumbricoides (spool worm). Male 25 cm., female 
4ocm. long. Inthe small intestine of man. Oxyuris 
vermicularis. Female 1 cm., male half as long. In the 
large intestine of children. 

The Gordiide occupy an isolated position among the 
Nematodes on account of their peculiar internal organi- 
zations. Mouth of adult closed, alimentary canal de- 
generated Gordius aquaticus. Mature form in fresh 
water. The embryos enter the larve of insects where 
they encyst themselves. If their host is eaten by another 
insect they continue their development in the new host 
and when almost mature enter the water. 30-go cm. 
long, 1 cm. thick. 
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2. Order: Acanthocephali. Mouth andalimentary canal 
wanting. At the posterior extremity a protrusible pro- 
boscis with hooks. Only parasites. Echinorhynchus 
gigas. In the small intestine of swine. Larva in grubs. 

III Cyass: Annulata. Body long and tubular, or 
dorso-ventrally more or less flattened. Soft epidermis or 
hard and tough, chitinous cuticula. Metamerism or 
segmentation of the body, conspicuous both in the in- 
ternal organsand (mostly) alsoexternally. Body cavity 
well developed (except in Hirudinea and Myzostomea). 
Blood-vascular system well developed, rarely entirely 
reduced. Alimentary canal is mostly straight from the 
mouth to the terminal anus. ‘The nervous system con- 
sists of brain, cesophageal ring, and a segmented ventral 
ganglion chain. The system of excretion (wanting in 
the Myzostomea) consists of segmentally- arranged, paired 
nephridia. Frequently the nephridia perform the func- 
tion of emitting the genital products. 

1. Order: Afzvudinet-Discophorit (leeches). Body ex- 
ternally ringed; a certain number of external rings cor- 
respond to an internal segment. Around the mouth a 
sucker, beneath the arms a ventral sucker. Skin soft, 
setee wanting. Alimentary canal mostly with paired 
lateral diverticula. Body cavity reduced, communicat- 
ing with the well developed blood-vascular system. 
Numerous, segmentally arranged pairs of nephridia (loop 
canals), not used as sexualapertures. Hermaphrodites. 
Testes in several, segmentally arranged pairs, with 
special ducts, opening in oze external sexual aperture. 
One pair of ovaria, situated before the testes; female 
opening behind the male, both in the anterior part of 
the body. Parasites or robbers; in fresh water, in the 
ocean and on land. 
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1. Suborder. Rhynchobdellide (leeches with proboscis) 
Protrusible pharaynx cylindrical, lying free in the 
pharyngeal pouch. Clepsine. FPontobdella. Brancheltion 
(with gill-like appendages upon the back). The two 
last ones in the ocean upon Selachil. 

2. Suborder: Guzathobdellide. Pharynx a muscular 
thickening of the cesophageal wall, projecting towards 
the lumen in form of three plates or septa, sometimes 
toothed. Airudo medicinalis, the commonleech. AHemo- 
pis. Aulastomum, horseleech. Nephelis. Several Hiru- 
dines are terrestrial. All the other members of this sub- 
order live in fresh water. 7 

2. Order: Chetopoda (worms with sete). An external 
segmentation mostly corresponds to an internal segmenta- 
tion. Ia special segmentally arranged glandular sacs of 
the external skin free bristles (setae) arise, protruding 
above theskin. Body cavity well developed and separate 
from the blood-vascular system. The genital products 
develop in special districts of the entothelium of the 
body cavity; they enter early the body cavity and are 
emitted through modified nephridia (vasa deferentia, 
oviducts, genital tubes, segmental organs). 

The following division is purely artificial: 

1. Suborder: Oligocheta. With but few sete, which 
are never disposed on special parapodia. Tentacles, cirri, 
or branchize wanting. Hermaphrodites. Direct develop- 
ment. In fresh water and terrestrial. Family: dphano- 
neura. <Acolosoma. Family: Nazdomorpha. Nais. Dero. 
Stylaria. Family: Chetogastride. Chetogaster. Family: 
Discodritide. Posterior termination modified into a 
sucker. Parasitic in crabs. ABranchiobdella. Family: En- 
chytreide. Pachydrilus. Enchytreus. Anacheta. Family: 
Tulifcide. Tubifex. Psammoryctes. Clitellio. Limme- 
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drilus. Family: Phreoryctide. Phreoryctes. Family: Lum- 
briculus. Rhynchelmis. Stylodrilus. Family: Criodrilide. 
Criodrilus. Family: Lumbricide. Allurus. Dendro- 
bena. Allolobophora. Lumbricus (earthworm). Joining 
these Uvocheta, Endrilus, Acanthodrilus, Pericheta, 
Pleurocheta, Moniligaster. 

A doubtful position within the Chetopoda occupy the 
so-called Archiamelida (Polygordius, Protodrilus, Cteno- 
drilus, [istriobdella) and Saccocirrus, forms whose organi- 
zation is distinguished by its simple, embryonic char- 
acter. 

Between the Oligochzta and the Polychzta are the 
families of the Capztellide (Capitellus, Notomastus, Dasy- 
branchus) and the Opheliacee (Ophelia, Travisia, Polyo- 
phthalmus.) Blood vessels are wanting in the former. 
The parapodia of both are much reduced. Gills present 
or wanting. Head not distinctly marked. 

3. Suborder: Polycheta. Sete embedded in highly 
developed, segmentally arranged pads or humps or para- 
podia. Tentacles and tentacular cirri on the head; cirri, 
branchiz (gills) and other appendages along the ab- | 
dominal segments, attached to the parapodia. Sexes 
separate in most cases. Development with metamor- 
posis. Marine forms. 

A. Sedentayta Capitibranchiata. ‘Tubular worms. 
Pharynx (proboscis) generally not protrusible, without 
jaws. Eyes wanting or small, but numerous on the head. 
Parapodia not well deveioped, the upper ones usually 
carry hair like setee; the lower ones transverse ridges 
with hooked sete or plates. Branchial (gills) mostly 
confined to the anterior segments or to the head. They 
dwell in tubes secreted or built up. by the animal. 
“Family: Carratulide. Cirratulus. Family: Arenicolde. 
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Arenicola. Family: Spionide. Family: Sfzo. Family: 
Ariciade. Aricia. Family: Chloremide. Siphonostoma. 
Family: TZerebellide. _Lantce (Terebella). Polymnia. 
Amphitrite. Family: Serpulide. Serpula. Sabella. 
Spirvographis. Myxicola. fProtula. Family: Hermel- 
lide, Sabellaria. Family: Stermaspide. Sternaspis. 


B. Lrrantia = Dorsobranchiata (predaceous worms). 
Pharynx protusible ; generally with jaws; head distinct, 
mostly with few, but large eyes. Parapodia well devel- 
oped. Branchiz generally on the dorsal parapodia. Free- 
swimming or crawling animals, some of which live in 
tubes made by themselves. Family: Aphrodite, Aphro- 
dite, Hermioe, Polyne. Family: Amphinomide, Ampht- 
nome, Euphrosyne, Notopygos. Family: Hunicide, Dio- 
patra, Eunice, Halla. Family: Nererde, Nereis, Neph- 
thys. Family: Clyceride, Glycera. Family: Syllde, 
Flaplosyllis, Syllts, Exogone, Autolytus, Myrianida. 
Family: Hestonide, Hesione. Family: Phyllodocide, 
Phyllodoce. Family: Alciopide, Alciope, Asterope. Fam- 
ily: Zomopteride, Tomopteris. 

3. Sub-order: Achzuride. Body tubular ; adult form 
unsegmented or indistinctly segmented ; without para- 
podia, cirri, and branchize. Anteriorly on the ventral 
side two setz with hooks. ‘T'wo anal glands (excretory 
organs) open into the terminal part of the much-twisted 
alimentary canal. Hither two or three pair of nephridia 
or one nephridium. Anterior end of the body above the 
mouth lengthened into a long movable head lobe of 
various forms, with a ventral furrow. With a blood- 
vascular system. Sexes separate. Development with 
metamorphosis. Pelagic animals with a hidden mode of 
life, Lchiurus. Thalasema. 
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Bonellia. 'The very minute, turbellarian-like, ciliated 
males of this genus live as parasites in the females. 

3. Order: A7yzostomida. Body flat, disc-shaped, ex- 
ternally unsegmented. Margin of the body with cirri 
or short wart-like protuberances. Upon the ventral side 
five pairs of parapodia with hooks and supporting setze 
in two longitudinal rows. Four pairs of laterally-placed 
suckers on the ventral surface. Pharynx the same as 
that of the Rhynchobdellide. Alimentary canal with 
Jateral branches. Body cavity reduced. Organs of cir- 
culation, excretion and respiration wanting. Thenervous 
system consists of the cesophageal ring and of a ventral 
cord united into a mass of ganglia. Brain reduced. 
Hermaphrodites. The oviducts open together with the 
alimentary canal in acloaca. ‘The seminal ducts open 
in two separate apertures on the ventral side. Hermaph- 
rodites, but in certain genera there exist small males be- 
sides (complemental males). Parasitic upon Crinoidea. 
Myzostoma. | . 

IV Crass: Prosopygii. Body naked or within shells, 
of very varying form. Around the mouth a circle of 
ciliated tentacles or tufts which are often inserted upon 
a common horseshoe-shaped tentacle carrier (lopho- 
phore), which itself may be extended on either side like 
arms. Without parapodia and frequently without sete. 
Anus almost in every case moved towards the anterior 
part of the body. The alimentary canal extends pos- 
teriorly and forms a loop turning again towards the an- 
terior end. Body not at all or very indistinctly seg- 
mented. Blood-vascular system wanting or differently 
developed. Number of nephridia reduced (two pairs at 
the most). They sometimes serve as conductor of the 
genital products, and open anteriorly not far from the 
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anus. Sexes separate. Only Phoronis is hermaphrodi- 
tic. Pelagic; only few forms in fresh water. 

1. Order: Szpunculacea. Body lengthened, tubular 
naked. The anterior mostly extenuated part of the body 
may be invaginated by special retractors as a proboscis 
into the larger and longer posterior trunk. Body cavity 
very spacious. Blood-vascular system (?) much reduced 
or wanting. ‘The central nervous system consists of 
brain, cesophageal ring and median ventral longitudinal 
commissure. Segmentation is perhaps indicated by a 
regular repetition of nerve rings. Marine; live in the 
mud or in concealment. 

1. Suborder: Szpunculide. Anus dorsal, situated an- 
teriorly between proboscis and trunk. Mouth surrounded 
by tentacles. Generally two typical nephridia, opening 
near the anus, also serving as eductory passages of the 
genital products. The vascular system consists largely 
of two tentacular vessels accompanying the anterior ali- 
mentary canal. Szpunculus. Phascolosoma. 

2. Suborder: Priapulide. Anus dorsal at the pos- 
terior end. No tentacles around the mouth. No blood- 
vascular system. No nephridia. Two anal glands 
opening in the immediate neighborhood of the anus and 
perform when young the functions of excretory organs, 
later those of sexual organs. Priapulus. At the pos- 
terior end a tuft of appendages, serving probably as’ 
gills. Halicryptus without tail appendage. 

2. Order: Phoronidea. Body worm like, in a fastened 
chitinoustube. Numerous tentacles surround the mouth 
upon a horse shoe-shaped base. Anus dorsal, right next 
to the mouth. Around the mouth a nervous ring 
(cesophageal ring). Two nephridia opening anteriorly, 
serving at the same time as ducts of the genital organs. 
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A simple blood-vascular system present. Hermaphro- 
dites. Single germs: Phoronis. | 

3. Order: Bryozoa. Small animals. Anus dorsal, 
near the mouth. A brain ganglion between mouth and 
anus. Nephridia when present, in one pair, embryonic 
in type, opening near the mouth, not serving as genital 
organs. Numerous tentacles upon a horseshoe-shaped 
base. ‘They form mostly by budding sessile colonies of 
variable forms. 

1. Suborder: Pterobranchia. Lophophores lengthened 
dorsally and posteriorly into a long, arm-shaped process, 
which carries two longitudinal rows of little tentacles. 
Alimentary canal confined to the anterior part of the 
body, lengthened posteriorly after the manner of a stalk. 
Body cavity little developed. Forming colonies, in 
tubes, which arise creeping upon a common stem. 
Rhabdopleura. Related: Cephalodiscus. 

2. Suborder: EActoprocta. Anus opening outside of the 
lophophore. Lophophore not drawn out. Anterior body 
naked, posterior part within a shell. Without stalk. 
Anterior part enclosed in a fold of the posterior in such 
a way that it is wrapped in a special sheath (tentacle 
sheath), from which it can be protruded. Body cavity 
rather spacious. Shell often encrusted with calcareous 
matter. Forming colonies. A. Phylactolemata. Vopho- 
phore horseshoe shaped. In fresh water. Cvistatedla. 
Alcyonella. Fredericella. Lophopus. FPlumatella. B. 
Gymnolemata. Yophophores circular. Pelagic, with the 
exception of Paludicella, Cellepora, Eschara, Bugula, 
Flustra, Alcyonidium, Hornera, etc. 

3. Suborder: Extoprocta. Anus opening within the 
lophophore. A tentacular sheath wanting. Body stalked. 
With one pair of nephridia, Body cavity reduced, Pedt- 
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cellint forming colonies. Loxosoma single individuals. 
Pelagic. 

4. Order: Brachiopoda. ‘The dorsal and ventral body 
wall forms two large (anterior) reduplications, so that 
’ the body is enveloped by a dorsal and ventral mantle 
lobe, which may unite posteriorly and laterally. The 
mantle lobes secrete a dorsal and ventral shell valve, 
which is mostly calcareous, but may be horny. The 
ventral one is generally more arched. At the sides of the 
mouth are inserted two long, buccal arms, covered with 
fine threads and rolled up spirally, often supported by a 
special calcareous skeleton of the ventral valve and lying 
within the mantle cavity, which is enclosed by the mantle 
lobes. Anus wanting or to the right of the mouth (only 
in Crania in the dorsal middle line of the posterior end). 
The central nervous system consists of an cesophageal 
ring with poorly developed brain and lower ganglia. 
One (rarely two) pair of nephridia, which serve also as 
ducts of the genital products opening into the mantle 
cavity to the right and the left of the mouth. _Blood- 
vascular systetn probably present with a heart above the 
alimentary canal. The posterior end of the body  fre- 
quently lengthens into a sessile stalk, which protrudes 
either between the shell valves (Lingula) or through a 
hole in a posterior elevation of the larger ventral valve. 
In many cases the stalk is wanting and the shell is fas- 
tened directly by the ventral valve. Exclusively pelagic. 
The large majority of genera and species fossil. The 
genus Lingula dates back to the palzeozoic epoch. 

1. Suborder: Zesticardines. ‘The valves are linked to- 
gether (lock) by processes like a hinge. Anus wanting. 
Terebratula. Waldhetmia. Thecidium (grown fast with 
the large valve). A rgiope. khynchonella, Sptrifer. 
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2. Suborder: Acardines. Without lock. Alimentary 
canal with anus. Cvania. Lingula. 

V Ciass: Rotatoria (wheel animalcules). Small, 
mostly microscopic animals. Internal segmentation 
wanting. At the anterior end a ciliated organ (wheel 
organ) of variable form. Posterior end lengthened into 
an appendage (food, stalk), frequently segmented. A 
vascular system is wanting. A pair of nephridia of 
embryonic structure, with several internal ciliated cells 
open with the anus and the oviduct into the cloaca. 
Sexes separate. Males small with degenerate aliment- 
ary canal. Mostly in fresh water. Animals living in 
sessile tubes or envelopes: Floscularia. Stephanoceros. 
Melicerta. Lacinularia. ‘The ciliated organ is thrown 
out in lobes and tentacles. The living forms: Motom- 
mata. Fydatina. Brachionus (external coat) Asplancha. 
Parasiticupon Nebalia in the ocean: Sezsoz. 

The peculiar genus Dinophilus resembling certain 
annelid larve belongs in this category. Male and female 
resemble each other, or the female is smaller, without 
alimentary canal. The whole ventral side of the body 
is ciliated. Besides there are a number of successive 
ciliated rings on the body. A wheel organ is wanting. 
Nephridia in segmental arrangement of embryonic type. 

Appendix. II Cuass: Chaetognatha (arrow worms). 
Body cylindrical, longitudinal, with laterally placed hor- 
izontal fins. Head rather distinct. Body cavity spa- 
cious, divided by partition walls into three succession 
cavities, head cavity, body cavity, caudal cavity. Mouth 
surrounded by setze (jaws). Alimentary canal straight, 
anus ventral, at the beginning of the tail. The central 
nervous system consists of the brain, the cesophageal 
commissures and a large ventral ganglion, No vascular 
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system. Hermaphrodites. Ovaria in the body cavity, 
testes in the caudal cavity. Paired eductory passages 
(nephridia?) open at the right and the left of the tail. 
Pelagic. Sagetta. Spadella. 

The small group of Gastrotricha may be placed near 
the Rotatoria, small animals with ciliated ventral sur- 
face, with longitudinal rows of bristles upon the back. 
Body ending in two lateral points. Alimentary canal 
straight, mouth followed by a muscular pharynx. Anus 
at the posterior end. Hermaphrodites. Nephridia 
insufficiently known. No blood system. Jchthydium. 
Mostly in fresh water. The Fchinoderide (related to 
Nematoda) are minute marine animals, with ringed body, 
with setze. 

General. ‘The phylogeny of the worms is still a mat- 
ter of dispute. The Nemertini are, according to the 
latest investigations of McIntosh, Semper, Hubrecht, and 
Burger, considered a separate natural class; the presence 
of a blood vascular system and an anus places them 
above the Plathelminthes. The systematic position of 
the Nemathelmia is very doubtful. It is probable that 
an acquired parasitic mode of life resulted in a degenera- 
tion. The Annulata constitute a very large group ex- 
traordinarily variable in form. The segmented condi- 
tion of the body seems to indicate the original type, 
whilst the Myzostomida, Echiuride, certain Cheetopoda 
and, to a certain degree, also the Hirundinei may be re- 
trograded forms. Some investigators maintain that the 
segmentation (metamerism) of the Annulata is a further 
development of the pseudo-metamerism of Turbellarian 
or Nemertian animals. Others look upon the Annulata 
asa colony, risen through axial budding. They place the 
Rotatoria next to the ancestral type, whilst others con- 


118 VERMES. 


sider them to be simplified forms which mature in early 
developmental stages, thus remaining larval Annulata. 
The class of the Prosopygii consists of a number of dis- 
tinct natural orders, whose organization would be easily 
understood, if we base it upon an adaptation to the 
sessile mode of living and upon a reaction of a shell or 
tube formation upon the body of more highly developed, 
segmented worms. 

It may be necessary at this juncture, to say a. few 
words on the structure of the Zygoneura larva Zyvocho- 
phora. Those characteristics which are present in the 
larvee of different groups are to be considered as typical. 
The trochophora is bilaterally symmetrical, exhibiting 
an anterior and a posterior, ventral and a dorsal part. 
The mouth-opening is ventral, the anus posterior and 
somewhat dorsal. Its form is oval. The distribution of 
cilia on the surface is characteristic. On the vertex pole 
a tuft of strong cilia (apical ciliary head) appears. An 
equatorial or preoral circle of cilia or trochus divides the 
body surface into an interior half (vertex field and a 
posterior half (opposite field). ‘This circle lies closely 
before the mouth and consists of two rows of thickened 
epithelial cells. Behind the mouth there les a fostoral 
circle or cingulum (one row). Between these two the 
adoral zone of delicate cilia, is situated with its motion 
toward the mouth; from the mouth to the opposite pole a 
furrow of cilia, with posterior movements, extends (veztral 
furrow of cilia). A preanal circle frequently occurs, but 
is of later development. The ectoderm, furnishing the 
external epithelium as well as that of the cesophagus 
and of the hindgut, represents the body cavity (with 
spacious blastoceelom) in which the two other germ 
layers are contained. The external epithelium secretes.a 
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distinct cuticula, consisting of supporting cells, ciliary 
cells, glandular cells and, as epithelial differentiations, 
the zervous system and the sezsory organs, (primary cere- 
bral ganglion, vertex eyes, one or two apical tentacles, 
ciliary pits, and in some Turbellaria an apical auditory 
vesicle). ‘The main typical nerve cords proceeding from 
the cerebral ganglion area pair of longitudinal ventral 
nerves, a pair of longitudinal dorsal nerves, a pair of 
cesophageal nerves branching from the ventral nervesand 
forming a buccal ganglion in the epithelium of the cesoph- 
agus. ‘The alimentary canal has the shape of a horse- 
shoe and consists of esophagus (inward and forward, 
strongly ciliated, sometimes with chitinous appendage), 
midgut (entodermal shaped like a retort and divided 
into stomach with hepatic gland and small intestine) and 
hindgut (leading to anus). The mesodermal structures 
lie between body wall and alimentary canal and are 
either mesenchymous (in the Jd/astocelom) or epithelial 
(forming special cavities). Mesenchymous are the con- 
nective tissue cells and the unicellular muscles, consisting 
of a pair of longitudinal ventral muscles a pair of longitudi- 
nal dorsal muscles, a preoral circular muscle and a postoral 
circular muscle. Muscles of the alimentary canal are 
mostly smalidilatators. The paired protonephridium is of 
mesodermal origin; it is a long tube fastened to the pos- 
terior part of the vental muscle and anteriorly closed by 
a terminal cell. ‘The tube itself consists of perforated 
cells and opens externally before theanus. <A celom sac 
with cvlom cavities is present at the posterior end. 
Modifications of the trochophora depend upon the 
character of the metamorphosis of the animal. In the 
protochula or pilidium, the hindgut is not developed and 
the division of the midgut has not yet become distinct. 
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It is very probable that both the protrochula and the 
trochophora exhibit repetitions of the characters of an 
original ancestral form. It is true the 7Zvochosphera 
equatortalis (a Rotatorian animal discovered by Semper 
upon the rice fields of the Philippine islands) resembled 
the trochophora very closely; it nevertheless can be said 
that it is also a typical Rotatorign, and not a larval form. 
Hatschek, therefore, maintains that the protrochula is a 
repetition of the profochozoon, the ancestral type of all 
Zygoneura; but in any case the internal organization, 
(nervous system, alimentary canal, muscles, and protone- 
phridia) of every single group is to be explained in its 
relation to the ontogenetic stage of the trochophora. 
This is easily done in the groups of the Turbellaria, 
Rotatoria, and Endoprocta; it is still a problem in that 
of the Nemathelminthes, whilst the structure of the 
Nemertini shows characteristics of the Aposcolecida or 
Cephalidii without, however, forming a transition. In 
the Aposcolecida new characteristics arise (peritoneal 
pouches, mesenteries, peritoneal gonads, metanephridia, 
blood-vascular system), whose ontogenetic or is still 
a morphological problem. 

The body of the Nemertint is elongated, sometimes 
extremely so, reaching a length of several meters, while 
it is only a few millimeters thick. In their external 
ciliation and soft consistency they resemble the Turbel- 
laria. We distinguish the anterior part or head (char- 
acterized by the cerebral ganglion, the ciliated pits, the 
openings of mouth and proboscis), and the posterior 
part or trunk, in which certain organs (digestive diver- 
ticula, gonads, etc.) metamerically repeat themselves, 
although not always regularly and symmetrically. 

The lamination of the body is different in the different 
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orders. Falgonemertint exhibit the primary condition. 
The external epithelium is the seat of the various pig- 
mentations (supporting cells, glandular cells, sensory 
cells). Beneath it lies the dermal layer (connective sub- 
stance). This is followed by the somatic muscular 
structure, consisting of an external circular, and an inter- 
nal longitudinal layer, which is divided into septa by 
radial muscle fibres. The next, i. e., the parenchyma 
layer, connective substance with cell corpuscles, sepa- 
rates the preceding from an zzternal circular muscular 
layer, belonging to the alimentary canal, and therefore 
called splanchnic muscular layer. In the dorsal and 
ventral medium live the latter forms with the longitudi- 
nal muscular layer a kind of muscular dorsal and ventral 
mesentery. ‘~The splanchnic layer does not only enclose 
the epithelial tube of the digestive canal, but also the 
muscular sheath of the proboscis, within which the 
Rhynchoccelom and the proboscis are contained. The 
paired gonads lie in the parenchyma layer, the Jateral 
blood-vessels, between the somatic and parenchyma layers, 
the dorsal vessel between alimentary canal and proboscis | 
sheath. The central nervous system, terminating in the 
trunk in the form of lateral cords, lies always outside of 
the muscular layers. 

The lamination of the Hloplonemertini is almost the 
same as that of the preceding order; however, the 
lateral nerve cords lie here, within the somatic muscular 
structure, and instead of the complete splanchnic muscu- 
lar structure dorso-ventral septal muscles arise between 
the gastric diverticula. 

In the Schizonemertini a powerful external longitudinal 
~muscular layer appears exteriorly and gradually into the 


so-called cutis (longit. muscles, connective tissue and 
ae 
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subepithelial glands). The splanchnic layer is only repre- 
sented by septal muscles and the lateral cords always lie 
outside of the circular muscular layer. 


The protrusible proboscis, an invagination of the body 
wall, is a typical characteristic of the Nemertini. Whilst 
it is only short and little developed in the first and second 
order, in the third it reaches an enormous length and is 
divided into several regions, the first of which bears a 
number of styles, the second a poisonous gland and re- 
tractor muscles. Mouth and proboscis are one in Am- 
phiporus, Malacobdella and Geonemertes. 


The zervous system is highly developed and consists of 
the cerebral ganglion and the lateral cords, which run 
along the whole length of the body, often uniting beyond 
the anus. The cerebral ganglion consists of a pair of 
ventral ganglia, connected with the ventral cerebral com- 
missure, and a pair of dorsal ganglia, connected by the 
dorsal commissure, both embracing the opening of the 
proboscis; a posterior lobe (or ganglion in the third order) 
stands in closer relation to the cerebral ciliary pits. The 
lateral cords are provided with ganglionic cells, the whole 
structure resembling the ventral cord of the Annulata. 
From the brain nerves are distributed to the sensory © 
organs, the cesophagus, the proboscis and throughout the 
whole length of the dorsum (a large and a small one). 
Metameral circular nerves proceed from the lateral cords 
connecting with the dorsal nerves; frequently a nerve 
layer, between the somatic muscles, takes their place. 
Eyes of inverse type are present in the head in various © 
numbers; also paired auditory vesicles (CErstedtia). The 
cerebral ciliary pits have the function of organs of smell; 
they are typical for the Nemertini, being in them more 
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highly developed than in any other animal. Sensory 
papillz are found, especially in the head. 

The alimentary canal is straight and ciliated through- 
out its whole length. The mouth lies on the ventral side 
and leads into the simple cesophagus; the next part is the 
midgut (chylus), provided with lateral diverticula meta- 
merically arranged. A short hindgut opens directly into 
the anus. 7 

The blood-vascular system consists of an unpaired dorsal 
vessel and paired lateral vessels; often segmental trans- 
verse vessels and a vascular network of the head are 
present. The vessels are contractile. The blood contains 
large colored corpuscles. The apparatus of secretion con- 
sists of two lateral, short, ciliated canals in the region of 
the cesophagus, which open externally. Short, lateral 
branches of them are intimately connected with the lateral 
blood vessel. 

The Nemertina are rarely hermaphrodites. ‘The paired 
gonads lie laterally within the parenchyma layer, and are 
metamerically repeated, alternating with the digestive 
diverticula. Each possesses its own eductory canal, 
which opens dorso-laterally and develops after sexual - 
maturity is reached. 

The small eggs (poor in yolk) are laid in large masses 
of spawn; some Nemertini are viviparous. The develop- 
ment occurs according to their different types: (1) De- 
velopment. through the Pilidium larva [original type], 
(Lineus, Nemertes). Equal segmentation. Blastula. 
Gastrula. Larva, morphologically corresponding to the 
protrochula, and termed pilidium, resembling a fencing 
mask. ‘Two pairs of thickened ectoderm plates arise be- 
fore and behind the mouth, they invaginate and rep- 
resent the structure of the body wall with a third median 
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pair, which produces the ciliary pits. The connection 
between these embryonic plates and the body wall is 
called amnion. The plates grow together, forming a 
boat-shaped structure which surrounds the pilidium ali- 
mentary canal, and closes above it. Thus the young 
Nemertinus arises in the interior of the amnion cavity. 
The’ body wall invaginates anteriorly, and forms the 
proboscis; the cerebral ganglion develops from a con- 
striction of the ectoderm. ‘The old body wall of pilidium 
and amnion-envelope are cast off and the creeping 
Nemertinus is the result. The vertex plate disappears. 

(2) The development according to Desor’s type [derived 
type], (Lineus), takes place within the spawn before 
leaving the egg membrane; a distinct pilidium larva is 
not present, but even here the ectoderm separates into 
an external ciliary embryonic membrane and a number 
of embryonic discs, which invaginate and form the 
Nemertinus. (No amnion.) 

(3) Direct development (modified type), takes - ple 
when the young Nemertinus arises from entire cell 
material. But even here the expulsion of an external 
ciHary layer of cells has been observed. | 

In all cases the young Nemertinus possesses only a 
very short abdomen, only later growths enlarge it con- 
siderably. | 

Hatschek assigns the Nemertini a middle position be- 
tween the Scolecida and Aposcolecida preceding them by 
the Gastrotricha, Rotatoria, Entoprocta, and Nemathel- 
minths. 7 

The unsegmented body of the Nematodes is rounded, 
more or less elongated, and both ends are, as a rule, 
tapered off. The mouth opening lies at the anterior end, 
the anus mostly at the posterior or ventral side. Many 
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Nematodes are almost microscopically small, others may 
become as large as a large earthworm. Ciliation is.ab- 
sent in the whole life history of the group. A powerful, 
chitinous, transparent cuticula (which is_ periodically 
shed) covers the whole body; it is often transversely 
ringed externally whilst the internal layer consists of 
diagonally intersected fibrous systems. Spines and 
hooks may also be present. The hyfodermts or subcuti- 
cula lies beneath the cuticula; it consists of fibrously 
granular tissue in which muclei are embedded. The 
two lateral lines of the body appear to be powerful thick- 
enings of the subcuticula along which (at least anteriorly) 
the excretionary canals are situated. The so-called dor- 
sal and ventral median lines, however, are narrow, 
septa-like, projecting (internally) thickenings of the 
subeuticula within which several nerve cylinders are 
located. Immediately beneath the subcuticula lies a 
muscular layer, the innermost stratum of the body wall, 
consisting of longitudinal muscles (two dorsal and two 
ventral) arranged in form of four similar muscle fields 
and extending along the interspaces of the four longztu- 
dinal lines throughout the whole body. ‘The histology 
of the muscular structure is very remarkable, dividing 
the Nematodes into Meromyaria, Platymyaria, Polymy- 
aria and Ccelomyaria, according to the number and ar- 
rangement of the muscle cells. The body wall encloses 
a distinct body cavity with alimentary canal and sexual 
organs. An undifferentiated connective substance with- 
out cells, but distinctly arranged, fills the space between 
body wall and entrails. A cross section of the body 
shows an external epidermis, an epithelial muscular 
layer and the alimentary layer. The alimentary canal 
(straight and elongated) is divided into cesophagus, mid- 
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gut and hindgut (proctodeum). A mouth with lips 
leads into a buccal cavity lined with a firm dentary cuti- 
cula; lips and teeth form distinct systematic characteris- 
tics. ‘The cesophagus consists of an extertial simple 
membrane [propria], thick muscular walls, a chiti- 
nous lining and a triangular lumen, and is frequently 
dilated behind into a muscular bulb (pharynx), the chi- 
tinous lining of which is sometimes raised into ridges or 
tooth-like prominences to which the radial muscles 
converge in the form of conical bundles. Instead of 
the bulbus a gland of large dimensions may arise. 
The chylus consists of basal membrane, epithelial 
layer and internal, perforated cuticula. The hindgut is 
formed by an internal cuticula, epithelial layer and ex- 
ternal muscular layer. Several unicellular glands open 
near the ventral (rarely terminal) anus. The excretory 
canals lie close to the lateral lines in the anterior part of 
the body, changing into short transverse canals near the 
cesophageal ring and opening ventrally into one aperture. 
The central zervous system consists of a ring surrounding 
the cssophagus. Anteriorly it sends off six nerve trunks, 
two along the lateral lines, and four submedian, which 
supply the papillary sense organs around the mouth, and 
are connected with numerous ganglion cells behind the 
lips. Posteriorly four submedian nerves are sent off, 
but they can only be followed a certain distance, whilst 
a dorsal and a ventral nerve extends the whole length of 
the body, corresponding to the ventral and dorsal muscle 
spaces, and here and there connected by ring fibres. 
The large Ascarides possess even an anal ganglion, some- 
- times a complete anal ring connected with posterior 
nerves and ganglion cells. The sensory organs are con- 
stituted by the oral and posterior papillz of touch, an 
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eye spot near the cesophagus (only in free Nematodes) 
and bristles of touch. The sexes of the Nematodes are 
separate (only few exceptions and one case of heterogeny). 
The males are smaller than the females, their ventral 
posterior termination being bent and covered with papille 
of touch. The female organs are coiled canals, the 
blind end of each of which forms the ovarium, and the 
successive parts the oviduct and uterus, leading to a 
short vagina. The different parts of the unpaired male 
genital canal are the testes (amceboid spermatozoa) the 
vas deferens and the bladder; it opens ventrally in the 
hindgut (cloaca). Paired chitinous evaginable spicula, 
situated in special pouches on the dorsal side of the 
hindgut form the apparatus of copulation. The termina- 
tion of the cloaca itself may be protrusible; a bursa 
copulatrix is sometimes present. Development is direct. 
The oval fertilized eggs, provided with a rich yolk mem- 
brane, accumulate in the uterus, either sparingly or in 
large numbers. Development begins either after the sep- 
aration of the eggs or already in the uterus. Segmenta- 
tion is equal, but without asegmentation cavity; gastru- 
lation by epibolism, gastrula mouth corresponding to the 
ventral line; two primitive mesodermal cells separate and 
furnish two mesodermal streaks, which separate into the 
four muscle regions, the excretory canals and the genital 
structure, the latter represented by two embryonic cells, 
typical in young Nematodes. Stomodzeum and Procto- 
dzeum arise as ectodermal invaginations. The embryo is 
then oval, lengthens and lies finally spirally coiled in the 
egg membrane. The young animal shows already the 
typical characteristics of the Nematodes. They are often 
supplied with special arrangements for their parasitic 
wanderings 
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The habitat of the Nematodes is very curious. ‘The 
free individuals live in decaying matter, mostly in the 
ocean. Parasitic forms change their host at different 
stages of their development. 

The Gorditde occupy a somewhat isolated position. 
Lateral lines are wanting. A cerebral ganglion, ceso- 
phageal ring and ventral cord seem to be present. The 
paired genital sacs extend through the whole length of 
the body, and are so intimately grown together with the 
longitudinal layer of the muscles that they resemble the 
peristoneal sacs of the Ccelomata. The genital organs 
open in both sexes by special posterior apertures. The 
terminal part of the male is forked and supplied with 
papille. : 

The Acantocephali are Scolecida (?) of entoparasitic 
habit; the alimentary canal is wanting; without cilia in 
all stages of life; the elongated, round body carries an- 
teriorly an invaginable proboscis provided with hooks, 
behind which a ganglion is located; the body cavity con- 
sists of a thin cuticula, a powerful subcuticula with a 
system of subcutaneous canals, an external circular and 
an internal, longitudinal, muscular layer. Paired, club- 
shaped cumulations of the.body, wall (lemnisci) pro- 

trude anteriorly into the spacious body cavity; sexes 
: separate, the complicated genital organs open at the 
posterior end, development with peculiar metamorphosis. 

The phylogeny of this group is greatly disputed. The 
tender cuticula and thread-shaped spermatozoa are pecu- 
liarities which make their relation to the Nematodes 
very doubtful. Their peculiar organization has evi- 
dently been acquired by adaptation to parasitic habits; 
it may also be probably an account of tlieir remarkable 
histological structure that they are derived from smaller 
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forms and that parasitism resulted in a considerable in- 
crease in size. 

Most of the Acanthocephali are only one or a few 
centimeters long; Echinochynchus gigas, however, may 
reach a length of 50cm. ‘There is little difference be- 
tween dorsal and ventral side. ‘The chitinous recurved 
hooks of the proboscis with which they fasten them- 
selves in the alimentary wall of their host, are derived 
together with the cuticula from the subcuticula. An 
internal retractory muscle and a sheath with lateral 
retractory muscles constitute the mechanism of the 
proboscis. The ganglion at the base of the sheath 
sends nerves to the genital organs and the lateral body 
wall. The Szdcuticula consists of vertical fibres and nu- 
merous granules, anda vascular system of subcutaneous 
canals filled with a granular fluid. Both muscular layers 
are composed of immense muscular cells of remarkable 
structure interwoven by the general connective sub- 
stance. The /emnzscz are continuations of the subcuticula 
-and of the same structure. They probably serve the 
purpose of transferring the food to the body cavity. The 
male and female sexual organs are structurally of similar 
type. They are imbedded in an axial ligament (mostly 
undifferentiated connective substance), which extends 
from the sheath of the proboscis to the posterior end of the 
body. The male apparatus consists anteriorly of g pair 
of testes (with the thread-shaped spermatoza), the vasa 
deferentia, ductus ejaculatorius (with prostata), penis and 
protrusible bursa copulatrix. The ovarium of the female 
~ apparatus separates into cell balls; isolated maturing ova 
float in the body cavity. The eductory apparatus begins 
with a funnel-shaped organ (uterus bell, composed of a 


few immense cells), whose anterior large opening re- 
G* 
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ceives (swallows) masses of eggs. Premature eggs are 
ejected into the body cavity by posterior dorsal openings; 
the mature, spindle-shaped eggs are carried through pos- 
terior, narrow canals (egg passages) into the oviduct 
(uterus) and from there into the vagina. Development 
takes place in two periods, embryonic development and 
metamorphosis. ‘The latter is connected with a typical 
change of hosts. The sexual animals live in the alimen- 
tary canal of certain vertebrates (fish). "The eggs with 
the ripe embryo are thrown out with the excrements and 
eaten by Arthropoda, where the larva bores through the 
alimentary canal and enters the body cavity. After de- 
veloping into the young adult it returns to the old host 
and becomes mature. 

The Gastrotricha are Scolecida with paired ventral 
ciliary band; mostly with forked tail appendage; with 
terminal mouth opening and cesophagus (similar to Ne- 
matoda). 

We mention this group here, because the latest inves- 
tigations of Zelinka show that they constitute a special 
class of the Scolecida. ‘The oral ciliary circles (of the 
Rotatoria) are wanting; the mouth-opening is terminal, 
and the vertex plate dorsal. But other characteristics of 
the Trochophora, wanting in the Rotatoria, are present 
here, e. g., the ventral ciliated band and the ciliary pits. 
Hatschek places them immediately after the Plathel- 
minthes. 

The Gastrotricha are fresh water animals of micro- 
scopic size. Their form is spindle-shaped, the ven- 
tral side being flattened. The body is covered with a 
firm cuticula, which undergoes scaly differentiations. 
The cerebral ganglion is intimately connected with the 
anterior epithelium and its sensory cells and is situated 
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dorsally before the cesophagus ; it sends out posteriorly 
two ventral longitudinal nerves. The muscular system 
is represented by paired lateral and ventral longitudinal 
muscles. The excretory organs consist on either side 
of a single coiled tube with vibratile terminal apparatus 
and open in the middle of the body. ‘The straight ali- 
mentary canal lies in a distinct body cavity. The 
mouth opening (with a circle of bristles) leads into 
an oesophagus (with triangular lumen and radial mus- 
cles) which is followed by a midgut consisting of large 
cells. A short hindgut opens above the tail appendage. 
It is not established whether they are hermaphrodites or 
of separate sex, since the existence of male organs has 
not yet been proved. The ovarium (posterior and ven- 
tral) consists of an accumulation of small cells which 
grow into very large eggs with a tough, often prickly 
yolk membrane. They are laid before development 
begins. This is direct, the young possessing the charac- 
teristic organization. 

The Rotatoria logically follow the Gastrotricha. In 
their whole organization they stand nearest the trocho- 
phora type, which of course, is more or less modified. 
Essentially new characters are the separation of the ner- 
vous system from the epithelium, the dilated masticatory 
pharynx and the cloaca. 

It is usually possible to distinguish between an anter- 
tor region (with cilia) of the body, which can be invagi- 
nated into the mzddle region whose-cuticula forms a more 
or less rigid armor (sometimes externally segmented). 
The tail-like movable ventral foot appendage (mostly 
with two rami into which glands open) may also be 
retracted into the armor. 

The anus is situated on the dorsal side of the foot. 
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In sessile Rotataria the foot becomes a long contractile. 
stalk which changes the position of the anus; in some 
cases the foot is entirely wanting. The simplest form 
is the Trochosphzera sequatorialis whose wheel appa- 
ratus is not retractile and whose trochus extends along 
the equator of the spherical body. ‘There are also 
remarkable complications of the body form arising 
through the development of external movable appen- 
dages of the middle region. 

The form of the body is also modified by the various 
differentiations of the ciliary circles (wheel apparatus). 
The ¢rochus has locomotory, the*cingulum prehensile 
functions. They may be lobed or disappear altogether ; 
they may either surround the whole vertex field (flat or 
concave), or they may be interrupted in the dorsal and 
ventral median line. 

The body cavity consists of the external cuticula 
(more vigorous in the middle region) and of the hypo- 
dermis, consisting of thin flattened cells. ‘The muscles 
of the body wall do not form a connected layer; most 
constant are a few unicellular longitudinal retractory 
muscles extending through the body. ‘The spacious 
blastoccelom contains the entrails kept in position by 
connective tissue cells and muscular cells. Special 
cells of the hypodermis are more powerfully devel- 
oped (ciliary, sensory, glandular cells). The alment- 
ary canal (straight or horseshoe-shaped) shows char- 
- acteristic complications. The month-opening leads into 
the foregut (stomodzeum) which is divided into the cili- 
ated buccal cavity and the masticatory pharynx with 
chitinous masticatory apparatus, consisting, in most 
cases, of a pair of external and a pair of internal maxil- 
lee, important for classification. The midgut (entoder- 
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mal) is divided into the membranous ciliated esophagus 
with the midgut glands or pancreas, the stomach com- 
posed of large, ciliated epithelial cells and the narrow, 
ciliated hindgut opening into the cloaca (not ciliated). 
Theexcretory apparatus (water vascular) is atypical proto- 
_nephridium, consisting of glandular, longitudinal canals 
extending to the anterior region and forming lateral 
branches. They open either by means of a contractile 
vesicle or directly into the cloaca, when the bladder is 
an independent appendage. The central nervous system 
consists of a cerebral ganglion, situated dorsally upon 
the cesophagus. Among the sensory organs the eye 
spots are most prominent, having mostly the shape of 
an X. Cuticular sensory organs, consisting of groups of 
sensory cells, provided with a tuft of sensory hairs are 
present on the vertex field (apical tentacles?) in the 
middle region (dorsal and ventral pair), and on the 
trochus. The eripheral nervous system consists of 
nerves of the anterior.region (to the frontal tentacles and 
the cells of the ciliary circles) and of longitudinal nerves 
(dorsal and ventral pair to the tentacles or blending into 
one). From these the nerves of the muscles branch out. 

The sexes are separate. The unpaired ovarium on 
the ventral side of the female alimentary canal contain 
beside the germ cells a mass of large nutritive cells. A 
short oviduct (uterus) opens into the cloaca. The males 
rarely appear and possess a rudimentary organization. ~ 
Most Rotatoria reproduce themselves throughout the 
largest part of the year, parthenogenetically, by means 
of so called summer eggs (the smaller enveloping the 
males). The hard-shelled winter eggs are, perhaps, not 
always developed. Development mostly direct, either 
after the egg has been deposited or in the oviduct. Seg- 
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mentation of the small eggs (poor in yolk) is equal or 
slightly unequal (of the oligomerous type); grastulation - 
epibolic. Habits modified by adaptation. Hatschek 
divides them into Vagantia (free swimming or crawling) 
and 7zdzcola (sessile, mostly with gelatinous capsule). 

Following Hatschek’s interpretation of the Vermes, 
we think it best to introduce the Ez/oprocta at this junc- 
ture. They are classified by Lang as a suborder of the 
Bryozoa, because they produce buds, which either be- 
come free or—and this is of importance here—remain 
united asacormor colony. ‘There are also other pecu- 
liarities in their organization which ally them to the 
Bryozoa. The chief reason, however, why they ought 
to be separated is based upon their entirely different 
phylogenetic derivation. The larva of the Entoprocta 
possesses an equatorial circle of cilia, which may be 
compared with the trochus. The convex region of the 
body (vertex) possesses at the apical pole a structure 
surrounded by sensory hairs and further ventrally a re- 
tractile ciliated structure; one of the two might corres- 
pond to the vertex plate. The opposite ciliated region 
contains the opening of the mouth, of the anus, and of 
the simple protonephridium in typical position. The 
mouth opening leads into a horseshoe-shaped, ciliated, 
alimentary canal, consisting of the typical ectodermal 
cesophagus, the stomach with a so-called liver, intestine 
and ectodermal rectum. The body cavity is primary. 
The larva is able to invaginate the opposite region, 
which assumes the form of an atrium with ciliary circle. 
Thus the larval organization fully corresponds to that of 
the adult, excepting the ciliated circle, which in the lat- 
ler consists of ciliated tentacles, and the stalk-like elon- 
gation of the vertex region, by which the adult is fast- 
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ened. A vertex ganglion is wanting in the latfer; but 
one is present between mouth and anus, sending nerves 
to the tentacles and toa pair of organs of touch. The 
Entoprocta are hermaphrodites or of separate sex. The 
paired testes and ovaria above the stomach are sac-like 
gonads opening before the anus. Loxosoma forms buds 
on the external wall of the cup, which separate as free 
individuals. In Pedicellina and Urnatella they arise on 
the stolo at the base of the stalk successively and form 
a cormus. | 

Before entering upon a discussion of the Annulata it 
will be necessary to establish the connection between the 
Scolecida and the Aposcolecida or Cephalidia. In the de- 
velopment of the latter the Arzmary or trochophora organs 
occur (Scolecida stage), but they are confined to an ante- 
rior region of the body, the prvosoma. Some of these 
organs remain larval organs and retrograde (protoneph- 
ridium or prosoma kidney). In a posterior region, the 
metasoma, a number of secondary organs are developed, 
mostly differentiations of the’ccelum sacs. They are the 
peritoneal epithelium surrounding the ccelum cavity, the 
germepithelium of the gonads, the metanephridia, paired 
tubes connected at one end with the ccelum and opening 
externally at the other end. They serve not only as 
kidneys, but also as genital ducts. Their morphologi- 
cal origin has not yet been fully established. fztheli- 
ogenous muscles, derived from the ccelum epithelium, are 
especially the longitudinal muscles of the body. The 
external muscular layers, probably derived from the 
primary muscles of the Scolecida, are mesenchymatous 
structures genetically connected with the ccelom sacs. 
The blood-vascular system—typical for the Cephalidia— 
appears originally as a closed system of tubes in which 
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the blood is circulated by means of the contractions of 
the vessels. Its typical parts area dorsal vessel (interior 
circulation) and a ventral vessel (posterior circulation) 
both connected by a network of visceral vessels and 
somatic transverse vessels. In the higher types the 
dorsal vessels are changed intoa heart. The ventral nerve 
cord (absent in Phoronis and the Bryozoa) derived from 
the ectoderm, is a continuation of the ventral longitudi- 
nal nerves, which form [separated] in the prosoma the 
cesophageal commissures, but are in the metasoma more 
closely connected by transverse commissures, and thus 
form the ventral cord. 

Whilst the prosoma originally forms the larger part of 
the body, later developments enlarge the metasoma to 
such a degree that it far excels the prosoma in size, and 
its coelomatic organs extend secondarily into the latter, 
where a retrogression of the protonephridia and the pri- 
mary longitudinal muscles has taken place (Annulata). 
In all Articulata (Hatschek) a multiplication of the meta- 
soma takes place, a repetition in the long axis, introduced 
by a repetition of the ccelom sacs (primitive segments), 
and termed metamerism. Prosopygii and Mollusca are 
unsegmented. In every somite or metamere all the organs 
are repeated in the same order and arrangement, so that 
each one presents an anterior and a posterior end. ‘The 
metameres arise successively by the continuous division 
of the undifferentiated terminal segment whose posterior 
portion finally remains as the unsegmented or rudimen- 
tary termination. The prosoma of the Articulata differs in 
many respects from the metameres. Their body is, there- 
fore, divided into, (1) the prosoma with prostomium and 
metastomium; (2) the metasoma, consisting of a number 
of metameres, whose last segment mostly carries the 
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periproct (anus). MHomonomous metamerism (metameres 
all alike) occurs only in lowest forms; the division of 
labor requires a differentation (heteronomous metamerism), 
which may refer only to the internal organization or to 
the external, which latter iscommonly meant by the term 
heteronomy. Generally groups of metamers are modified 
in the same way and cause the formation of vegzons, as 
in the case of the Insecta, Crustacea and Myriopoda. 
The formation of the head is very irregular in the Articu- 
lata. It occurs gradually through the modification of 
the first metameres. Only in Protodrilus and Polygardius 
all metameres are alike. The prosoma alone is distinct 
from the metameres. It, therefore, constitutes the p7z- 
mary head of the Articulata. In all the Annulata a simi- 
lar condition is developed. In the Arthropoda for the 
first time a distinct head is developed, and may be desig- 
nated as typical for the branch. The metameres of the 
head become organs of the mouth. The head of the 
Crustacea consists of the prosoma and four metameres; 
so also that of the Tracheata (?). 

The mefameres arise from the primitive structures of 
the simple undifferentiated metasoma by a more distinct 
separation of certain parts. These primitive structures 
are: (1) the external epithelium or ectoderm; (2) the 
paired ccelom sacs which may also be represented by 
solid mesodermal streaks; (3) the digestive epithelium 
or entoderm; and (4) the mesenchymous cells situated 
between these lamina. Division (most characteristic) 
appears in the mesodermal streaks or ccelom sacs which 
separate into a number of successive sacs or hollow plates 
(primitive segments) ; later the segmentation of the ecto- 
derm begins with the development of its organs and seg- 
mented constrictions ; the entodermal segmentation occurs 
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last and is rather indistinct. In many Annulata the 
formation of metameres begins in the free swimming 
trochophora larva and is, in the lowest forms, continued 
even after the sexual organs have become mature. 
Growth takes place at the posterior end. The full num- 
ber of segments may be present already in the embryonic 
development (Oligochzeta, Hirudinei), or at the end of 
the larval stage or at the time of sexual maturity. In 
many Crustacea at least two segments arise already dur- 
ing the larval stage, the others in the course of meta- 
morphosis. Inthe higher Crustacea metamorphosis is 
suppressed and the metameres are formed during em- 
bryonic life. The same is true of the Insecta. where all 
the segments appear atthesametime. The Chilognatha 
increase their segments after they have left the egg 
_ membrane. 

Metamerism also occurs among the Vertebrates and 
the Echinodermata (in each of the five radii of the body). 
The former is genetically derived from the Articulata; 
the latter may probably be traced to a special develop- 
mental stage. The Prosopygii and Mollusca are very 
likely derived from polymetamerous forms, in which a 
reduction to one single metamere took place, capable of 
a much higher development. 

The Annulata are characterized by their homonomous 
segmentation (without typical compound head). Many 
investigators consider the Annulata the phylogenetic 
starting-point for all the succeeding higher animals. On 
that account they are morphologically of supreme inter- 
est. Hatschek maintains that Protodrilus and Polygordius 
stand nearest the original ancestral form of the Annulata, 
and therefore classifies them as Avchiannelides. From 
these simplest forms the genealogical scale leads up to 
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the Chzetopoda, highest among which the Rapacia 
(Errantia) rank. The Hirudinei and Pligocheta are 
a secondarily simplified and modified form, so likewise 
the Echiuride. 
The Archiannelides are small Annelides (Annulata) of 
very primitive organization ; with large, distinct meta- 
stomium; with perfect external and internal homonomy 
of the metameres; with long primary tentacles (spioni- 
dous); with epithelial nervous system; ventral cord 
_unsegmented; without bristles, without cirri, without 
parapodia; development with larval metamorphosis. 

The genus Protodrilus represents the ancestral type of 
the Annelides in its simplest form. The body is elon- 
gated and round, growing thinner towards the posterior 
end. Metamerism as given above. All segments possess 
gonads; they constantly multipy; the terminal segment 
contains the anus and two glandular pointed processes. A 
ventral ciliated furrow of locomotory function extends from 
mouth to anus. ‘There are besides a great many circles 
of cilia (preoral, postoral and segmental). The epithelial 
layer of the body consists of an external cuticula and 
the epithelium, containing supporting cells, glandular 
cells, sensory cells and nervous tissue. The ventral cord 
is divided into two divisions, running along either side 
of the ciliated furrow. The cutaneous muscular envelope 
consists of the longitudinal muscular layer (two dorsal 
and two ventral regions), whose fibres are arranged like 
the leaves of a book, the nuclei lying along the inner 
edge. A circular muscular layer is wanting (simplifica- 
tion of original character). The somatopleura lines the 
body cavity, which is not only divided into a right and 
left half by a dorso ventral mesentery, but also into two 
chambers by transyerse septa (composed of the transyerse 
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muscles and the peritoneal epithelium). The latter forms 
the germ epithelium on the side turned towards the chief 
chamber. The alimentary canal (splanchnopleura, mus- 
cular layer, epithelial layer), beginning with the mouth 
opening, consists of a short cesophagus, with glands and 
peculiar pharynx, and of the chylus, a straight, ciliated 
tube. The dlood-vascular system is composed of a sinus 
surrounding the chylus and growing behind the cesopha- 
gus into a contractile, heartlike dorsal vessel, which forks 
anteriorly. ‘The two branches pass on to the tentacles, 
cesophageal commissures and ventral line, where they 
unite. The segmental organs (excretory, retroperitoneal) 
are present in all metameres. They consist of the ciliary 
infundibulum (opening in the preceding segment), and 
the canal running along the lateral line and opening exter- 
nally. The central nervous system is composed of the 
cerebral ganglion, the cesophageal commissure and the 
ventral cord, unsegmented and paired. The sexual organs 
are hermaphroditic. Development with metamorphosis. 
The germs Polygordins differ in a few points. The body 
is not ciliated and without ventral furrow. Csopha- 
gus simple, with a posterior circle of papillae. Ventral 
cord, a median and unsegmented epithelial thickening. 
Throughout the whole length of the body a contractile 
blood vessel appears, connected by arched and segmental 
cross vessels. Sexes separate. Dinophilus is, perhaps, a 
retrograded Annelide form, resembling Protodrilus. 
Segmental organs without infundibuliun; dissepiments, 
mesenteries and blood vessels wanting; ventral cord only 
little developed. Sexes separate. 

The Chetopoda are characterized by cuticular bristles 
or sete rarely absent. They are developed in follicles 
(from the external epithelium); each seta being secreted 
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by one single cell, which breaks through the follicle and 
projects above the surface of the skin. The follicles are 
deep-seated and provided with special muscles and a 
peritoneal cover. ‘They are of chitinous consistency and 
fibrous structure. The variety of their forms is import- 
ant for classification. We distinguish (a) simple sete, 
consisting of one piece (sete lineares; uncini, curved like 
an S; paleze (glittering): aciculee or needles, within the 
parapodia); by compound setze, derived from the less 
curved uncini, and consisting of two pieces, the stalk and 
movable appendage according to whose manifold form, 
many types are distinguished (lance-shaped, sickle- 
shaped, broom-shaped setze). Compound sete are only 
found among the EHrrantia. Arrangement of sete is 
definite; in some cases they are added like tufts to special 
appendages of the body (Polycheta), in others (Oligo- 
cheetha) they are simply inserted in the skin. 

The body of the Chzetopoda is mostly elongated, worm- 
shaped, transversely round or ventrally flattened, The 
segments and their appendages are most important for 
the shape of the body, especially the external appendages 
(1) of the segment; (2) of the prostomium, and (3) of the 
terminal segment. 3 

The segmental appendages exhibit the most manifold 
modifications. They either consist of simple vetractile 
foot stumps containing a bundle of chisel-shaped, hair- 
like setee, and are as such called pvotopodia (in Sacco- 
cirrus), or the originally simple appendage divides above 
the basal portion into a dorsal and ventral branch, each 
one carrying setee and a cirrus or tactile organ; to the 
dorsal region gills (branchize) of simple or complicated 
structure may be attached. Such appendages are called 
parapodia. They are either complete or incomplete 
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(certain parts wanting). The basal portion may disap- 
pear when the branches become independent, forming 
bristly knobs and pads, either in two rows or in one. 
When the parapodia and their appendages are com- 
pletely wanting (Oligocheeta) the sate are embedded in 
pits of the integument. Among the various modifica- 
tions of the parapodia in different regions of the body 
the development of peristomial cirri is the most impor- 
tant. The parapodial cirri of the anterior body segment 
are, after the union of this segment with the prosoma, 
developed into tentacular structures. In some cases 
several of the anterior segments undergo such a change. 
The setze are suppressed and the cirri more highly devel- 
oped (Phyllodocidz, Eunicidze, Nereidz. 

The appendages of the prostomium consist of two prz- 
mary tentacles and generally five (typical) cerebral cirri. 
The tentacles are typical in Protodrilus, Polygordius 
and Saccocirrus (supplied with blood vessels, sensory cells 
and very contractile) ; there are similar lasso-tentacles in 
Spiondze (with longitudional furrow). In all others 
they are more or less reduced. ‘The cerebral cirri con- 
sist of a dorsal and ventral pair terminating in a single 
apical cirrus. They are simply a continuation of the 
four longitudinal rows of cirri. - But through a displace- 
ment of the prostomium these cirri have assumed a dorsal 
position. They are complete in most of the Errantia ; in. 
others retrogression has taken place; in the Terebellidee 
they are very numerous; whilst the absence of prosto- 
mial appendages is typical in the Oligochzeta and Echiu- 
ridee. 

The appendages of the periproct are manifold and mor- 
phologically not yet fully explained. They appear in 
the form of anal prongs (in many Archiannelides), in 
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addition to which a circle of pappillz occur in some 
Polygordiidas, which again lead to anal cirri in Ophel- 
iacea and Spionide. In the Errantia only a small 
number of large anal cirri is present, representing the 
terminations of the longitudinal rows. In some groups 
only two (rarely one) appear, while others are altogether 
free from them. 

The organization of the Cheetopoda follows closely 
that of the Archiannelides, with rare but important mod- 
ifications. | 

The external epithelium secretes a distinct cuticula 
(containing diagonally transverse fibrous structures) 
which is strongly developed in the Errantia. The 
epithelium itself (subcuticula, matrix) consists of sup- 
porting and of glandular cells opening externally by 
pores. Subepitheltal glands are rare, but may become 
powerful (tubes of Sedentaria). Here also the para- 
podial glands may be mentioned. The xervous system 
exhibits all the transitions of lamination, from the per- 
fectly epithelial lamination tocomplete separation. The 
former is the rule among the Polycheta, the latter 
belong to the Pligocheta. The typical parts of the 
central nervous system are: the cerebral ganglion, the 
esophageal commissure and the ventral trunk. The cere- 
bral ganglion, when epithelial, almost fills the prosto- 
mium (Polycheta); when separate, it lies above the 
cesophagus (Oligicheta). Hatschek maintains that it 
is composed of middle brain, tentacular ganglion and 
posterior ganglia. The peripheral nerves proceeding. 
from the cerebral ganglion supply the anterior part of 
the body and its sensory organs, which partly join the 
ganglion immediately. The cesophageal commissure lead- 
ing to the ventral trunk consists of nerve fibres and their 
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envelopedtissues. The anterior parts of the ventral trunks 
sometimes extend to the mouth surrounding it. The ven- 
tral trunk extends through all metameres (except the ter- 
minal) and exhibits a distinct segmentation. Connected 
with it are the transverse commissures and peripheral 
nerves (three in each segment). When the two lateral 
cords of the ventral trunk are far apart and connected by 
long commisures they assume the shape of a vope ladder; 
when they are closely together they constitute the ven- 
tral ganglion chain. ‘The epithelial or subepithelial peri- 
pheral nerves often extend to the dorsal line, where they 
unite into a ring. At the base of the parapodia a para- 
podial ganglion is inserted, which, with other peripheral 
ganglion cells, may form a nerve plexus. An esophageal 
nervous system with ganglia and connected with the cere- 
bral ganglion and cesophageal commissures is generally 
present. A sympathetic nervous ganglion structure for the 
midgut has only been investigated in the Hirudinei. 
Sensory organs are only developed in the Errantia. The 
integumental sensory organs are generally sensory buds 
scattered over the whole body (special case of Capitel- 
lide). Sensory buds in the csophagus may be organs 
of taste. The paired ciliated pits (or pouches) connected 
with the posterior cerebral lobe are considered to be o7- 
gans of smell (in Polycheta). Auditory vesicles are rare, 
mostly in the region of the cesophageal commissure. 
Simple vesicular eyes occur generally on the prostomium 
of the Polychzeta, connected with the middle brain. 
Their number varies. In some Serpulide eyes occur on 
the numerous threads of the tentacular crown. Only 
few Oligachzta (Nais) possess eyes (rudimentary). The 
somatic muscular structure consists of the external circu- 
lar layer, the internal longitudinal layer (a dorsal and 
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ventral pair with peritoneal epithelium and sometimes 
a medioventral region), the transverse septal muscles 
(Polychzta) and the muscles of the setze bundles, extend- 
ing ina different direction to the body wall. Vzsceral 
muscles are not only in the alimentary canal but also in 
other internal organs; the muscles of the dissepimenta 
may also be mentioned here. ‘The directions of the ali- 
mantary canal, foregut, midgut, and hindgut exhibit 
manifold differentiations. The foregut or csophagus al- 
ways extends through a number of the first anterior seg- 
ments in which no gonads are developed. It frequently 
contains a protrusible pharynx, which in the A7vchannel- 
ides appears as an anterior ventral appendage, whilst in 
the other groups the cesophagus itself is protrusible. 
At its posterior end there may occur either soft papillee 
(Nephthys) or chitinous teeth, so-called jaws (Glycera). 
The pharynx may also lie in form of a tubular structure 
in the cesophagus (Phyllodocidz) provided with a chi- 
tinous-tooth (Syllidze) or with two lateraljaws (Nereidze). 
In the EKunicide the pharynx reaches its highest devel- 
opment, consisting of an anterior ventral appendage of 
the cesophagus which is provided with a large number 
of upper jaws and one pair of small lower jaws. The 
Oligocheta have a short cesophagus without pharynx 
and armature. The midgut consists of the peritoneal 
layer, external, longitudinal, and internal circular layer, 
vascular layer and internal ciliated layer. Segmental dila- 
tations give rise to large blind sacs (Aphrodite). The 
secondary ventral canal (Capitellidz and Errantia) and 
typhlosolis (earth worm) as well as the differentiations 
of crop and gizzard (Oligochzta) may also be mentioned 
here. The hindgut lined by the ectodermal epithelium 


is of small dimension. The dlood-vascular system of the 
H 
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Cheetopoda shows the typical characteristics with more 
or less important modifications. The Capitellide and 
Glyceridee have no blood vessels. Generally a closed 
system is present which contains a colored liquid mostly 
without blood corpuscles. ‘The dorsal vessel and often 
also the somatic vasular arches are contractile. The 
blood flows generally from the ventral vessel through 
the somatic arches (containing the branchial vessels) to 
the dorsal vessel, which is either simple or paired, or if 
wanting replaced by an alimentary blood sinus. Gill 
hearts occur in the vascular arches of Eunice; in many 
Oligocheeta some of these anterior arches are transformed 
into lateral secondary hearts. The smaller forms of 
Cheetopoda possess only the typical blood vessels, 
whilst new vessels and vascular branches in gills and 
body wall appear in the larger forms. Zhe body cavity is 
divided by the typical median longitudinal mesenteries, 
the segmental septa and the transverse septa in a 
number of more or less separated chambers. But the 
introduction of the cesophagus in the anterior segments 
has given rise to a retrogession of the dissepiments and 
medial mesenteries in this region. The dorsal mesentery 
and transverse septa are altogether wanting in the Oli- 
gocheta. The peritoneal epithelium with which the 
body cavity is lined shows peculiar differentiation (chlo- 
rogogous cells of Oligocheta). The fluid of the body 
cavity contains lymphatic, colored (resembling blood cor- 
puscles), and excretory cells. The typical segmental 
organs are the excretory organs, whose infundibulum pro- 
trudes into the next anterior segment. In the Polycheta 
they are short and wide, mostly straight, occupying a 
retroperitoneal position outside of the body cavity. In 
the Oligochzeta they are always looped and coiled and 
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located within the body cavity. Their canal is often dif- 
ferentiated. Of the many modifications we mention the 
occurrence of sexual organs in one segment, each organ 
having several infundibula corresponding to the groups 
of sete (exotic Lumbricide); in the same animals a net- 
work of ciliated canals is connected with the segmental 
canals. In the Capitellide the anterior segmental organs 
perform the function of genital ducts in the Terebellide, 
whose body cavity is divided into an anterior and pos- 
terior cavity by a single specially developed dissepiment; 
the organs of the posterior segments become eductory 
genital passages. Special complications arise in Lanice 
conchilega. 

The genttal organs of the Oligochzeta consist of one or 
two (Lumbricidez) pairs of testes and of one pair of 
ovaria, the former always situated before the latter. They 
generally occupy the space between the ninth and four- 
teenth segment. The sexual ducts are separated from 
the germ glands and show great structural resemblance 
to the nephridia with sexual function. The male appa- 
vatus consists of the testes early dissolving into the 
mother cells of the spermatoza; of the sperm sacs (ex- 
cept in Cheetogastridz), into which these mother cells 
are early received and become mature; and of the vasa 
deferentia (different numbers), each of which consists of 
a preseptal funnel and of a sperm duct, which perforates . 
the septum and opens externally. In some Lumbriculide 
a sperm capsule arises between the sperm sacs so that 
they become mere appendages. The preseptal funnels 
lie in the same segments as the sperm sacs or capsule. 
The female apparatus consists of the two ovaria, the two 
-oviducts (not present in lower forms) and the receptacula 
seminis (invaginations of the integument). The eggs 
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either mature in the ovaria or the ovaria separate into 
groups of egg cells, only one of which develops into an 
egg. In some cases germ sacs intervene between the 
ovaria and the oviducts. The receptacula seminis are 
in no connection with the sexual apparatus. They open 
externally and receive the spermatozoa through the ex- 
ternal opening. 

The sexes of the Polychetz are with few exceptions 
separate. The ovaria or testes arise during certain periods 
from the entothelium of the body cavity. The position 
of the germ glands changes in a remarkable degree. 
They now arise on the genital plates now on the dissepi- 
ments, now on the mesenteries, now as cumulations of 
the entothelial sheath of the ventral vessel, etc. ‘The 
ovaria or testes repeat themselves in several segments; 
their form varies as much as their position. The eggs 
or spermatozoa mature swimming free in the body cavity 
and are expelled through genital ducts (nephridia). 

The development of the Polycheeta and Archiannelides 
is indirect (free swimming larvee), that of the Oligo- 
cheeta direct (without larve). A number of the former 
groups are viviparous the eggs developing within the 
body cavity or within an uterus which is in reality a 
modified segmental organ. Various arrangement for 
breeding are also developed. Some expel their spawn 
in large gelatinous masses, others deposit the eggs with- 
out any special protection. Segmentation is unequal, 
but may come near the equal type. In the latter case a 
celoblastula arises with thickened entoderm or an epibo- 
lic gastrula, in fact all transitions between the different 
types of segmentation occur. Eupomatus (Hatschek) 
offers a good illustration of embryonic development. 
The spherical egg divides into eight blastomeres of 
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almost equal dimensions. The segmentation of the 
animal pole is much more rapid than that of the 
vegetative, consequently the blastomeres of the latter 
remain so much larger. A blastula results in which 
the cells of the three germ layers are already differ- 
entiated. The upper hemisphere (smaller cells) fur- 
nishes the ectoderm; the lower largely the entoderm, 
two of its cells (primitive mesoderm cells) early assum- 
ing a spherical form and developing the mesoderm. 
The position of the mesoderm cells corresponds to the 
anal termination of the larva. An equatorial circle of 
cilia (later preoral of the larva) arises, and later the 
ciliated tuft of the larval vertex appears. The ento- 
dermal part of the blastula invaginates. At the same 
time the primitive mesodermal cells move into the in- 
terior and afterwards divide. ‘The two original cells are 
still distinguished from the newly produced cells by their 
larger size. Hatschek calls them the pole cells of the 
mesoderm ; they lie at the end of the two new meso- 
dermal streaks. In the further development of the larva 
the alimentary canal curves towards the anal side and 
unites later with the depression of the ectoderm which 
furnishes hindgut andanus. In the meantime the blasto- 
pore had considerably contracted, forming a split with a 
small opening through which the ectoderm entered the 
interior, forming the cesophagus. ‘Then follows, as an 
enlargement, the stomach of thé larva, and after this the 
small intestine and hindgut. Already during gastrula- 
tion the embryos had arisen from the bottom to the 
surface of the water, and external changes took place 
together with the internal. The trochophora stage is 
reached. ‘To what has been said before on the trocho- 
phora we might add that here the so-called cephalic kia- 
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ney, the paired excretory organ, arises from the meso- 

dermal streaks, i. e., from a few cells situated near the 
pole cell, which elongate and become hollow, so that 

the cephalic kidney reaches from near the anus to the 
cesophagus. It consists of a ciliated canal, which may 

divide, and one or more funnel-shaped blind termina- 

tions. The eye spot of the Eupomatus larva is situated 

in a cell of the vertex region, asymmetrically on the 

right side. The two ectodermal vesicles represent sensory 

organs which arise symmetrically at the posterior part of 
the body from each ectodermal cell respectively. They 

have the character of ofolith vesicles. A perianal circle 
of cilia is formed in Kupomatus, wanting in many other 

larvee of this group. ‘The larva is transformed into the 

adult worm by a gradual reduction of the anterior region. 

Polygordius may serve here as an illustration. Seg- 

mentation manifests itself, due toa remarkable change 

of the mesodermal streaks, which through cell division, 

have grown quite considerably. Each one divides into 

two cell layers, extending towards the ventral and dorsal 

line. Anterior segmentation takes place, and the two 

layers of the streak separate, a cavity arising in each 

segment. Thus primitive segments originate, whose 

external and internal wall become the somatic and 

splanchnic layer in every segment of the anus, and whose 

adjoining walls form the segmental limits (dissepiments) 

of the worm body. ‘The primitive segments belonging 

to each segment unite in the median line of the ventral 

and dorsal surface and form a ventral and dorsal mesen- 

' tery. Upon the vertex plate of the head region the two 

very small ciliated tentacles arise. The originally 

vesicular midgut has elongated with the body and become 

cylindrical, The posterior circle of cilia appears imme- 
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diately before the anus. Gradually the cephalic region 
decreases. "The change of the vertex plate and the con- 
traction of the head wall conditions the change of the 
large cephalic sphere into the slender head of the worm. 
The vertex plate has assumed the shape of a cone; the 
eyes appear more distinct than in the larva. The pro- 
ductive segments of the trunk have increased in number 
and the segmentation of the body has become more dis- 
tinct. 

In the last stage of development the segmental con- 
strictions of the alimentary canal make the segmentation 
still more definite. The head sphere and the ciliated 
apparatus have disappeared entirely in this stage, and 
the worm is complete in its main features; it gives up 
the larval habit and adapts itself to the crawling loco- 
motion. 

The larve of the Annulata are of very various forms 
because segmentation begins at phylogenetically younger 
stages than the trochophora represents. ‘They are distin- 
guished according to the distribution of their cilia as 
atroche, monotroche, telotroche, mesotroche and poly- 
trochee, nototroche and gasterotroche. Amphitroche 
are those which consist of dorsal and ventral semicircles. 

The development of the Oligicheta is direct. ‘The fer- 
tilized eggs are deposited in solid chitinous cocoons of 
various form and habit. The number of eggs contained 
in them (swimming in an albuminous mass) differs ac- 
cordingly. Only some of them develop at the expense. 
of the others. Segmentation is always unequal; but 
eggs, poor in nutritive yolk, give rise to an invagination 
gastrula; where the opposite is the case, an epibolic 
gastrula develops. The rise of the mesoderm streak 
is represented by two blastomeres which enter the seg- 
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mentation cavity generally before the formation of the 
two primary germ layers (but apparently in relation 
tothem). ‘The mesoderm streaks themselves arise when 
the two cells divide and the resulting smaller cells 
separate from them. They extend along the two sides 
of the embryo towards the mouth, gradually moving to 
the ventral surface until they occupy both sides of the 
median line. Thus the embryo has considerably in- 
creased in size, and represents essentially a cell sphere of 
two layers between which the mesoderm streak is ven- 
trally inserted. The blastopore has become a definite 
mouth around which a lip-like thickening of the ecto- 
derm arises. Contractile cells around the mouth cause 
through their swallowing motions the filling of the ali- 
mentary canal with albumen and a consequent enlarge- 
ment-of the embryo. ‘The egg membrane bursts and the 
embryo swims in the albuminous mass of the cocoon. 
In this stage it resembles the free swimming larva of the 
Annelides especially when an oral ring of delicate cilia, 
or an adoral ciliated zone arises. In some cases even a 
cephalic kidney is present. All these facts seem to in- 
dicate that the embryos of the Oligocheeta are retrograded 
larval forms. ‘The transition of the larval embryo into 
the adult worm results from the further development of 
the mesoderm streaks, which anteriorly grow around the 
fore-gut and enlarge posteriorly from the ventral side to 
the dorsal, thus separating the ectoderm from the ento- 
derm. Segmentation had begun already at an earlier 
period and with it the separation of somatic and splanch- 
nic layer, finally the primitive segments arise pos- 
teriorly and envelope the entoderm sac dorsally which 
completes the chief external form of the worm. A later 


ectodermal depression at the posterior and gives rise to 
the anus. 
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Some remarkable cases of sexual reproduction and of 
alternation occur in the Chetopoda, e. g., in Crenodrilus, 
Protula, Nats, Antolyteus and Syliis. 

The Echiuride constitute another suborder of the Chee- 
topoda. The form and internal organization of the larvee 
as well as the origin of the sete justify this conclusion. 
The retrogression of segmentation in the adult animal 
and the sete, as well as the enormous enlargement of 
the cephalic lobe or so-called proboscis gives them the 
character of modified forms. The segmentation of Bonel- 
lia is unequal, producing an epibolic gastrula; that of 
Thalassema is equal, resulting in an invagination gas- 
trula. The entoderm represents in both cases a solid 
mass with a differentiated cell layer and an internal yolk 
mass. The larva of Thalassema and Echiurus corresponds 
closely to the trochophora form; segmentation, however, 
disappears later, and of the fifteen primitive segments 
only the somatic and splanchnic layer remain. The larva 
of the Bonellia may be traced back to the trochophora, 
but it undergoes an important modification. 

The eggs of I/yzostoma (hermaphrodites; sexual ap- 
paratus resembling that of Plathelminth@s) are fertilized 
outside of the parental body after the development of 
the two polar bodies. Their segmentation is unequal 
and leads to an epibolic gastrula. ‘The larva greatly re- 
sembles the trochophora, although the absence of the 
preoral circle of cilia prevents a perfect comparison. 
The further development of the larva is very simple. 
A real body cavity is not present; parenchymal tissues 
traversed by muscle fibres takes its place. 

The body of the Azrudinez is elongated, in most cases 
dorso-ventrally flattened, rarely round. The numerous 


circular furrows do not correspond to the internal seg- 
H* 
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ments; three, four or five external rings belong gener- — 
ally to one internal segment, with the exception of the 
opposite terminal rings, which exactly correspond to 
the internal arrangement. The number of segments 
may be determined by the number of these external 
rings, which carry sensory organs and are always con- 
stant. The integument is naked and without append- 
ages (except in Pontobdella and Branchellion). ‘The 
cutaneous muscular structure is characterized by diagon- 
ally intersecting fibres. The pharyngeal apparatus of 
the Rhynchobdellidz corresponds very minutely to that 
of some Plathelminthes; it is a pharynx plicatus which 
protrudes from the mouth opening but is not evaginated. 
In the Gnathobdellidz the muscular wall of the cesoph- 
agus itself is thickened and protrudes in form of three 
longitudinal folds or septa into the lumen. These septa 
may be developed into jaws covered with fine teeths. 
Well developed muscular fibres radiate from the pharyn- 
geal wall to the body wall. The mzdgut exhibits later- 
ally paired, segmentallly arranged diverticula, the last 
pair of which is very long, extending posteriorly along 
the sides of the hindgut. Here also modifications occur. 
The Jody cavity has not yet been defined. ‘The space be- 
tween alimentary canal and body wall is filled with con- 
nective tissue or parenchyma, subject to manifold trans- 
formations. ‘The difficulty which arises in determining 
the body cavity is largely due to the fact that in all 
Hirudinei the blood-vascular system stands in open com- 
munication with the sinuses, which may or may not be 
lined with an endothelium. Attached to the dorsal and 
ventral body wall muscle fibres extend through the par- 
enchyma, which branch at both ends and form meta- 
merically arranged muscle dissepiments between the 
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alimentary diverticula. The structure of the nervous sys- 
tem is in a general way the same as that of the Cheeto- 
poda. Important specific characteristics are found in the 
sensory organs. ‘The eyes of worms in general need not 
necessarily be homologous, except the larval eyes of the 
trochophora type, which either disappear or are reduced. 
We mention here especially the five pairs of eyes found 
on five sensory rings of Hirudo medicinalis. The 
structure of the Hirudinean eye is characteristic. It is 
cylindrical, situated almost vertically upon the hypo- 
dermis. ‘The nerve enters at the basal end, its fibrille 
changing into long sensory cells, which lie in the axis 
of the eye. Large, muscular, pellucid cells surround 
this axis, and the whole eye is embedded ina highly 
pigmented connective substance. In the sensory organs 
the long sensory cells are of hypodermic character; the 
large, transparent cells are comparatively. few, and the 
pigment is wanting. Their function is problematic. 
On the lips organs of taste occur. The zephridial struc- 
ture of the Hirudinea resembles that of the Oligocheta, 
except that in the segments of the opposite ends the 
constant nephridia are wanting. The d/ood-vascular sys- 
tem consists of four longitudinal vessels of a supra- 
intestinal, a ventral (in which the nerve lies), and of two 
(pulsating) lateral vessels. The ventral vessel may be 
looked upon as the chief part of a reduced body cavity. 
A network of lateral branches may connect the longi- 
tudinal vessels at both ends. The peripheral vascular 
system consists of two networks of capillaries, one ex- 
tending through the integument, and the other along 
the alimentary canal. The organs of excretion and 
reproduction are richly supplied with blood vessels. 
The blood consists of colorless amceboid corpuscles and 
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free nuclei. Many modifications occur. In all other 
respects the Hirudinei resemble closely the Cheetopoda. 
They are hermaphrodites. Several paired testes lie seg- 
mentally arranged in the median body region between 
the successive lateral diverticula of the midgut, within 
the muscular septa. They all open into a vas deferens 
lying along the whole region. The two vasa deferentia 
converge anteriorly towards the ventral median line, and 
open in a common aperture (sometimes through a penis). 

The female apparatus lies behind the male opening, 
between the vasa deferentia and consists of two ovaria, 
where oviducts either enter the large muscular vagina (2. 
suborder), or lead directly to the outside (1. suborder.) 

The structure and deposition of the eggs is generally 
the same as in the Oligocheta. Although different in 
detail, the whole course of their development corresponds 
to that of the Chzetopoda (Oligocheta). The so-called 
germ-streaks of the Hirudinea and the mesoderm streaks 
of the Chzetopoda do not, indeed, appear to be homolo- 
gous structures, but their relation to the embryonic body 
and their later development show that they both may 
be traced back to similar forms; the mesoderm streaks 
of the Hirudinei assumed a more complicated structure 
through the addition of ectodermal parts. The same 
may be said of the origin and structure of the organs, 
except that the genital organs resemble those of the 
dendroccelous Turbellaria. On the whole, it must be 
acknowledged that the Hirudinei are more highly devel- 
oped forms. 

The systematic ee of Branchiobdella is still a 
matter of dispute. Anatomically it resembles the Oligo- 
cheeta, but in its development and parasitic habits it 
approaches more closely the Hirudinei. A proper inves- 
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tigation of the origin of the nervous system and the 
mesodermal bands will reveal its true nature. So far 
nothing definite can be said about it. 

The structure of the Prosopygi has already been de- 
scribed in its most important features. The different 
orders present great variations. The Szpunculacea ex- 
hibit a regular external segmentation, the rings corre- 
sponding to the muscular bundles of the circular muscu- 
lar layer, and to the lateral commissures of the ventral 
nerve trunk. The presence of longitudinal furrows 
divides the external integument into squares. Papille 
and wartlike projections appear especially along the pro- 
boscis. ‘The proboscis is the anterior part of the body 
which can be invaginated into the posterior, the mouth 
being situated at its anterior termination. It includes also 
the foregut. The Spunculacea possess a firm cuticula; 
that of Phoronis is delicate, but a chitinous, separate 
dwelling tube is secreted. The tough, cuticular envelope 
of the Aryozoa (frequently with lid) becomes calcareous 
in many cases. The mantle of the Brachiopoda secretes 
in a similar way a bivalved, generally calcareous shell. 
The shell can hardly be compared with the bivalved shell 
of the Mollusca. The valves are dorsal and ventral; 
each one is symmetrical and the median plane divides 
each one into two lateral congruent halves; the opening 
is anteriorly and the hinge posteriorly situated. The 
hypodermis of the Bryozoa almost vanishes in the thick 
cuticula. In the Priapulidee and Phoronidea the ele- 
ments of the central nervous system and the hypodermis 
cells are so blended together that a line of demarkation 
can hardly be drawn. The general muscular structure of 
the Prosopygii differs widely. The naked Sipunculacea 
possess a typical cutaneous muscular envelope, consist- 
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ing of an external circular and internal longitudinal 
muscular layer, between which a thin, diagonal, fibrous 
layer is inserted. The retractors of the probocis are 
longitudinal muscles, attached in various numbers either 
to its anterior end or to the cutaneous muscular envelope 
of the anterior or central region of the body.and extend- 
ing freely through the body cavity. The cutaneous mus- 
cular layer of the Phoronidea is typically composed of the 
two layers. There is none in the Bryozoa; at least the 
formation of a rigid cutaneous skeleton (shell, cell, ecto- 
cyst) has reduced it to a set of muscles which permit the 
retraction and protrusion of the soft anterior end and its 
tentacles or a contraction of the body stalk movable 
within a tube. The typical cutaneous muscular envelope 
is likewise absent or at least much reduced in the Brachio- 
poda, due to the formation of a shell. Its remnants are 
a few feebly developed transverse and longitudinal 
fibres beneath the integment of the mantle; further, the 
muscles of the arms (protractors and retractors) and the 
longitudinal muscles of the stalk. A system of strong 
dorso-ventrally situated muscles, attached near the hinge 
to the two valves (adductors and divaricators), serve the 
purpose of opening and closing the valves. They cannot 
be looked upon as modified parts of a cutaneous envelope. 
The alimentary canal is generally well developed 
(blind in the Testicardines). The foregut is very short 
and not strongly differentiated, because the taking in of 
food is mostly accomplished by special external appen- 
dages. Only the Priapulide exhibit a well developed 
pharynx with numerous teeth and a strong muscular 
structure. In the Phoronidea, Bryozoa and Brachio- 
poda the foregut simply represents the rarely distinct - 
and muscular connection between mouth and stomach, 
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commonly called cesophagus. Whilst the midgut of the 
Priapulidz extends as a straight tube through the body, 
that of the Sipunculide bends at the posterior termina- 
tion and returns to the anterior region, winding spirally 
around the first portion. A ciliated furrow runs along 
the midgut; near the end a blind diverticulum takes its 
place corresponding to the secondary canal of the Che- 
topoda. Phoronis exhibits a similar descending and 
(dorsally) ascending midgut. Inthe Bryozoaa stomach 
intervenes which sometimes lengthens into a blind sac. 
The midgut of the Brachiopoda consists of an anterior 
portion of the stomach, into which the cesophagus leads, 
and a gastric canal. Lateral evaginations of the stom- 
ach form voluminous lobes, (the liver) which com- 
pletely envelop it. The gastric canal forms a simple 
or complicated loop variously ending. The two azal 
organs of the Priapulidz, serving first as excretory 
organs then as genital canals open externally near the 
anus. In Sipunculus rudimentary anal glands have been 
observed opening into the last part of the hindgut. The 
anus of the Sipunculide lies dorsally between proboscis 
and body wall; in Phoronis and Bryozoa without or 
within the base of the tentacle; in the Brachiopoda, 
when present, to the right of the mouth (Crania ex- 
cepted). Inthe Priapulide it is situated at the posterior . 
end. The Jody cavity of the Sipunculacea is large and 
spacious; dissepiments are wanting; the alimentary canal 
is fastened to the body wall by delicate mesenterial 
cords (absent in Priapulide). In Priapulus the body 
cavity continues into the tail appendage. The alimen- 
tary peritoneum of the Sipunculide is largely ciliated, a 
longitudinal band of muscles extends along the canal. 
The body fluid contains amceboid lymph cells, genital pro- 
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ducts and other unknown substances. In Phoronis a sys- 
tem separates the cavity of the cephalic lobe from the body 
cavity ; mesenteries attach the alimentary canal to the 
body wall. The body cavity of the Bryozoa is reduced 
in some cases and well developed in others. Muscular (?) 
fibres fasten the alimentary canal to the body wall; one 
or two funiculi attach the blind ccecum to the posterior 
body wall. The body cavity of the Brachiopoda is lined 
by a largely ciliated entothelium. A dorso-ventral mes- 
entery dividing the cavity into two lateral halves fasten 
the alimentary canal to the body wall. Sometimes a 
gastro-parietal band and a ileoparietal band are also 
present in the region of the hindgut. These bands have 
been compared to septa which originally divided the 
‘body into three segments. The body cavity continues — 
into the mantle cavities. The nervous system of the 
Sipunculacea begins with an cesophageal ring around 
the anterior end of the alimentary canal, joining dorsally 
a well developed brain (only thickened in Priapulidee), 
whence commissures are given off to the anterior integu- 
ment and the tentacles. Nerves proceed from the 
cesophageal ring innervating the alimentary canal (two 
in Sipunculus) and the pharynx (4 in Priapulus). The 
ganglionic ventral cord sends off iateral branches which 
dorsally unite into rings, corresponding to the external 
rings; or simple regular segmental swellings of the 
ventral cord occur (Priapulus). ‘The nervous system of 
the other Prosopygii is very little developed. The ven- 
tral cora is reduced to the lower .cesophageal ganglion, 
but even this can be wanting. This peculiarity is pro- 
bably due to their sessile habit which caused a degenera- 
tion of the sensory organs. Phoronis possesses a nerve 
which proceeds from the dorsal side of the cesophageal 
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ring and extends, lying asymmetrically on the left side, 
along two thirds of the body; inside of it a tube (noto- 
chord?) occurs. In the Brachiopoda nerves enter two 
by two the arms, the mantle and the retractory and pro- 
tractory muscles of the body, which branch out again. 
In the Bryozoa nerves enter the tentacles. The zephri- 
dial system of the Prosopygii is but little developed. 
Never more than two pairs of nephridia occur. They 
serve as ducts for the genital products and may also have 
excretory functions. They open near the arms in the 
Sipunculide; they are wanting in the Bryozoa (except 
Entoprocta) ; in the Brachiopoda they are situated to the 
right and the left of the mouth and open in the mantle 
cavity. So-called anal tubes occur in the Sipunculacea, 
either open or closed, serving the same purpose as the 
nephridia. As organs of respiration serve the tentacles 
or the oral arms which are either penetrated by blood 
vessels or by vascular processes of the body cavity. Also 
the integument and tail processes may perform the same 
function. The Jdlood-vascular system is wanting in the 
Priapulide and the Bryozoa. Sipunculus possesses a 
dorsal and a ventral vessel accompanying the foregut 
and opening anteriorly into a circular sinus embracing 
the mouth cavity at the base of the tentacles ; posteriorly 
it ends in the region where the retractor muscles of the 
proboscis are attached to the body wall. There is pro- 
bably an open communication between body cavity and 
vascular system. In Phoronis a closed vascular system 
with red blood corpuscles is developed, consisting of a 
dorsal and ventral vessel, with anterior circular and 
many posterior, lateral, blind vessels; the gastric canal is 
surrounded by a blood sinus. All vessels are -contrac- 
tile. The existence of an apparatus of blood circulation 


162 VERMES. 


in the Brachiopoda is disputed. It has however been 
repeatedly confirmed that a contractile tubular heart lies 
above the gastric cavity and a vein proceeding from 
above the foregut. ‘There are also other blood vessels 
claimed to be present. Ova and spermatozoa of the 
Sipunculide, Phoronidze and Brachiopoda arise at cer- 
tain points from the entothelium of the body cavity. The 
genital products fall into the body fluid and are emptied 
through the nephridia. The anal ducts of the Priapu- 
lide are first excretory organs but become afterwards 
germ-glands and eductory passages. The sexes of the 
Bryozoa are either represented by different persons, or 
they are present in one. The ovaria of the Ectoprocta 
arise mostly as cell cumulations of the internal body 
wall, the testes on the funiculus. Thestatoblasts of the 
parthenogenetic Bryozoa are parthenogenetic eggs and 
located on the funiculus. Eggs and spermatozoa fall into 
the body cavity. How they are emitted has not yet been 
determined with any degree of certainty. The first 
stages of the development of Sipunculus are not known. 
Hatschek obtained the pelagic embryos in the blastula 
stage which already shows the structure of the three 
germ layers. The free swimming larva is more highly 
developed than the trochophoraof the Polycheeta to which 
it generally corresponds. The characteristic preoral cir- 
cle of cilia is however wanting (present in Phascolosma), 
but the postoral circle is highly developed. The charac- 
teristic anterior position of the anus is due to the ex- 
tremely rapid growth of the postanal region of the body 
as compared with the preanal. There is no cephalic 
nephridium present. The mesoderm is, however, much 
further developed than in the trochophora of the Poly- 
cheta. The spacious body cavity does not correspond to 
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the primary body cavity of the trochophora, but to the 
secondary body cavity of the Annulata which develops 
within the mesoblast bands. Segmentation does not 
take place. The development of Phascolosoma is much 
simpler. Here an original epibolic gastrula changes into 
a kind of invagination gastrula. The larva coincides 
more closely with the trochophora; segmentation is like- 
wise wanting. This latter fact necessitates the separation 
of the Sipunculidz from the Echiuride, with which they 
formed the Gephyrea, a subdivision of the Annelides. 
It is a very difficult matter to assign the Bryozoa their 
proper place in classification. We have already said, 
under the head of Entoprocta, that they have to be sepa- 
rated from the Bryozoa, because they exhibit a different 
phylogenetic origin. However, although the larva of the 
Ectoprocta (of Membranipora) is apparently of a very 
different structure it is, nevertheless, reducible to the same 
type as that of the Entoprocta, but the latter retain in the 
structure of their bodies and the formation of their colo- 
nies essentially the organization of the Bryozoan larva. 
The larva of Phoronis is known by the name Acéfno- 
trocha. Mouth and anus are situated at opposite ends of 
the ciliated larval body. A large cephalic lobe extends 
over and beyond the mouth, the margin of which is sup- 
plied with larger cilia; the whole resembling the preoral, 
ciliated ring of the trochophora. The vertex plate of the 
cephalic lobe is supplied with four eye spots. Behind 
the mouth are two successive rings of larval and adult 
tentacles respectively. At the base of the latter the nerve 
ring of the adult is formed. Back of them, at the ventral 
side, lies the embryonic adult body projected into the lar- 
val body, which fact distinguishes this larva from that of 
Sipunculus, which it otherwise resembles. On either 
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side a nephridium is developed, corresponding to the 
cephalic nephridia of the trochophora and forming the 
nephridia of the adult Phoronis. Around the anusa 
thick circle of cilia is situated. The Actinotrocha sinks 
to the bottom, the body trunk is evaginated and the ali- 
mentary canal formed. The cephalic lobe, the vertex and 
the larval tentacles are cast off and eaten by the young 
Phoronis. ‘The remaining part of the larval body grows 
little, and the anus retains its dorsal position near the 
mouth. | 

The free swimming larva of Argiope (Brachiopoda) 
consists of three successive segments, the anterior, mid- 
dle and end segment. The umbrella-shaped anterior 
segment contains four eyes; its margin has larger cilia 
than the rest of the surface. A dorsal and ventral fold 
attached to the middle segment covers the terminal seg- 
ment. In either side of the free edge of the ventral fold 
two bundles of bristles occur. Only the midgut is devel- 
oped. A paired secondary body cavity, mesenterics and 
muscles, is situated between alimentary canal and exter- 
nal larval integument. ‘The larva fastens itself by the 
end of the terminal segment which grows into a stalk. 
The two folds develop into the mantle, within which the 
reduced anterior segment is contained. The bristles are 
cast off. The stomodzum arises from a deepening of 
the anterior body wall, whose base breaks through and 
into the anterior end of the midgut. The eyes degenerate. 
No traces of system and nephridia observed. ‘The larva 
of Terebratulina shows a close relationship with that of 
Phoronis. It manifests itself in the formation of a ten- 
tacular disc on the dorsal mantle lobe and its lengthen- 
ing into two processes, the arms which carry the cirri. 
The umbrella-shaped anterior segment probably corre- 
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sponds to the vertex of Phoronis, and the terminal seg- 
ment of the Brachiopedal larva to the evaginating stalk 
of Actinotrocha. The oral nerve rings of the two may 
be homologous. | 

The Chetognatha resemble externally the Rotatoria. 
The cutaneous muscular envelope is very highly devel- 
oped, owing to the extraordinary rapidity with which 
these animals move through the water. The circular 
layer, however, is wanting (Spadella excepted). The 
cephalic muscular arrangement is very complicated. 
Alimentary canal very simple. ‘The nervous system is 
well developed. The central nervous system and the 
peripheral nerves (one exception) lie outside of the mus- 
cular structure within the body epithelium. We dis- 
tinguish a supra- and a larger infra-cesophageal gan- 
glion, connected by two large commissures. From 
the former proceed: two interior motor nerves, two 
lateral integumental nerves, two optic nerves and two 
olfactory nerves, extending to the sensory organs behind 
the eyes. From the infra-cesophageal or ventral gang- 
lion rtumerous lateral nerves are given off (to auditory 
vesicle) and the cesophageal commissures extend as two 
strong nerve cords along the ventral region of the body, 
sending out numerous lateral nerves which, together 
with the ganglion branches, form a nerve plexus ex- 
tending beneath the whole body-epithelium. ‘The 
motor nerves develop lateral cephalic ganglia with 
small accessory ganglia, which together enter the muscles 
of the head and the anterior arm. ‘The paired oviducts 
and spermducts in the posterior end of the body may be 
looked upon as transformed xephrvidial organs. Organs 
of respiration and blood-vascular system are wanting. The 
Chzeetognatha are hermaphrodites. The ovaria are sit- 
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uated in the lateral chambers of the anterior body cav- 
ity attached by mesenteries which at the same time 
envelope the oviducts (blind at the anterior end) that 
open externally near the septum between body and tail. 
The male apparatus resembles that of the Chzetopoda, 
Sipunculidze, Phoronis and the Brachiopoda. ‘The two 
testes, situated along the lateral lines of the tail wall, 
empty the immature spermatozoa into the lateral cham- 
bers of the tail cavity, where they mature. ‘They leave 
the body through the vasa deferentia, which consist of a 
ciliated funnel, a duct anda dilatation. The eggs of the 
Chzeetognatha are spherical, transparent, and contain nu- 
merous translucent little yolk spheres. Segmentation is 
total and equal, resulting in a regular blastula, which 
develops into an invagination-gastrula. T’wo large cells, 
the so-called genital cells, appear early at the bottom of 
the ccelom-invagination, opposite the blastopore. The 
plane which separates these two cells corresponds to the 
later planes of symmetry. ‘The characteristic peculiari- 
ties in the development of the Chzetognatha are, chiefly: 
The origin of the mesoderm through the formation of 
the two ccelom-diverticula and the early separation of 
the genital structure. ‘Their embryonic and larval stage 
does not resemble the corresponding trochophora stages, 
which important fact distinguishes them from the Annel- 
ides. | 
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Bilaterally symmetric animals with chitinous exoskele- 
ton, segmented body and joined segmented appendages 
on all or on a number of segments; with brain, cesopha- 
geal commissure and segmented ventral nerve cord ; with 
heart situated above the alimentary canal; sexes sepa- 
rate; with a pair of sexual glands and originally paired 
gindioxy passages. 

I Sub-branch: BRANCHIATA. Aniatie animals. 
With the exception of the anterior antennze all append- 
ages are originally biramous. Respiration through in- 
tegument or gills which are almost always basal attach- 
ments of the body appendages. 

On Ly CLaAss: Crustacea. 

I Subclass: Extomostraca. 'The body consists of a 
variable number of segments. Frequently it is divided 
into an anterior portion with and a posterior portion with- 
out appendages. Both, however, may consist of a vari- 
able number of segments. The genital openings generally 
lie along the line which divides the two main body 
regions. A shield-like carapace is frequently present, 
but variously developed. Appendages manifold in form. 
Together with lateral eyes, the single frontal eye is re- 
tained in the adult animal. Chitinous stomach want- 
ing. Development with metamorphosis. A Nauplius 
larva leaves the egg. Mostly small Crustacea. 
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1. Order: Phyllopoda. Swimming feet with branchial 
sacs; mandibles without palpi; maxille reduced. 

I. Suborder: Branchiopoda. Body distinctly seg- 
mented; with numerous segments and (paired) swim- 
ming feet. Carapace either flat or forming a bivalve 
shell, rarely wanting. Heart an elongated dorsal vessel 
with numerous pairs of ostia. Live in fresh water. 
Lranchipus (without shell). Apus (with flat carapace). 
Esstheria. .Limnadia, with bivalve shell. . ‘ 

2. Suborder: Cladocera (Daphflidee). Water-fleas. Body 
small, indistinctly segmented, with few segments and 
four to six pairs of swimming feet. The posterior an- 
tennze are large paddle-like feet. Gill sacs may be want- 
ing. With a bivalve shell. Head freely projecting. 
Female with dorsal brood pouch between shell and 
body wall. Heart sac-shaped with one pair of ostia. 
Mostly in fresh water. Daphnia. Sida. Moina. Lynceus. 
Polyphemus. Leptodova. FEvadne (marine). 

2. Order: Astracoda. Body small, consisting of few 
segments, indistinctly segmented, with bivalve shell. 
Besides the five anterior pairs of cephalic appendages, i. 
e., the antennze, mandibles and maxille, all or some of 
which may serve as crawling or swimming feet, there 
are only two pairs of legs present. Heart present or 
wanting. Fresh water forms: Cypvzs. Marine forms: 
Cythere. Halocypris. Cypridina. 

3. Order: Copepoda. With biramous or swimming feet.’ 

1. Suborder: Aucopepoda. Body small, mostly dis- 
tinctly segmented, without shell-reduplicature. The 
shell consisting of only ten segments, the five anterior of 
which carry five pairs of biramous swimming feet, whilst 
the anterior ones are without appendages. First anterior 
segment fused with the head. Antennze, mandibles and 
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maxille (posterior maxillz dissolved into its branches) 
well developed, at least in the non-parasitic forms; the 
parasitic forms with sucking or piercing mouth parts. 
Heart wanting; sac-shaped, when present. The females 
carry the fertilized eggs in a paired or unpaired ovarian 
pouch. Gills wanting. Non-parasitic Copepoda or Com- 
mensals: Cyclops. Canthocamptus (fresh water). Ceto- 
chilus. Clausocalanus (marine). Lotodelpbhys, commensale 
in the branchial cavity of Ascidia. Parasitic Copepoda: 
Coryceus. Sapphirina (some only temporary parasites). 
Chondracanthus. Caligus. Lernea. Lerneocera. Penella. 
Lernanthropus. Lerneascus. Achtheres. Anchorella. 

2. Suborder: Branchiura (Argulide). Carp-lice. The 
body consists of the shield-shaped, flattened cephalo- 
thorax and the short, flattened, longitudinally split ab- 
domen. In front of the suctorial mouth-tube a long, 
protrusible stylet. Four pair of long, cirrus-like, bira- 
mous, swimming feet. Two large compound lateral eyes. 
Testes in the tail fin. Heart present. Females without 
egg pouches glue their eggs to foreign objects. A7zgulus, 
upon the carp. 

4. Order: Civrifedia. Characteristic of sessile forms. 
Body indistinctly segmented, fastened by the head end, 
enveloped by a calcareous mantle, forming a shell or a 
case. Anterior antennz (organs of attachment) of min- 
ute size, posterior ones reduced. Mouth appendages 
small, partly reduced. Six (more rarely four) pairs of 
long, biramous cirripedes. Without heart. Hermaph- 
rodites, sometimes with dwarf males, more rarely of sep- 
arate sex and dimorphous. Live in the ocean. 

1. Family: Lepadide (Pedunculata). Headend drawn 
out into a long attached peduncle. Lefas. Conchoderma. 
Scalpellum. Pellicipes. Ilbla. 2. Family: Balanide. Pe- 
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duncle wanting. Body surrounded by an external ring 
ofplates. Balanus. Tubicinella. Coronula. 3. Family: 
Alcippide (Abdominalia). Body surrounded by a flask- 
shaped, soft mantle, with three or four pairs of feet cor- ~ 
responding to the last four pair of the other Cirripedia. 
Live in the calcareous shells of other Cirripedia and of 
the Mollusca. <Alciphe. Cryptophialus. 4. Family: 
Proteolepadide (Apoda). Body grub-shaped, without 
cirripedes. Anterior (clasping) antennz band-shaped. 
Mouth suctorial. Alimentary canal rudimentary. Para- 
sites in the mantle of other Cirripedia. Pvroteolepas. 5. 
Family: Ahizocephala (Kentrogonida) ought perhaps be 
separated as a special suborder or order from the other 
Cirripedia. Body tubular; only corresponding to the 
head region of related Crustacea Integument split into 
two lamellz, between them a brood-cavity, opening 
through an aperture in the external lamella. Alimen- 
tary canal wanting. Appendages wanting. Hermaph- 
rodites with dwarf males. Parasites in the abdomen of 
Decapoda. The saccular body bears a peduncle, with 
branched root-like filaments, which penetrate the interior 
of the host whence they carry the food to the body of the 
parasite. ‘The larval stages are similar to those of the 
other Cirripedia (Nauplius and cipris-like larva). Sac- 
culina. FPeltogaster. 

II Subclass: Malacostraca. The body consists of 
three regions, with a constant number ofsegments. The 
head, originally composed of five segments ; the thorax, 
with eight segments; the first anterior,,or more than 
one, or all of them, may fuse with the head intoa 
complete or incomplete cephalo-thorax ; and the abdo- 
men, composed (with the telson) of seven segments (of 
eight in Nebalia). All the segments of the thorax, 
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with the exception of the last (seventh and eighth in 
Nebalia), bear appendages. The extreme anterior tho- 
racic feet frequently approach the mouth opening as 
maxillipeds, and perform as such functions of nutri- 
tion. The sixth pair of pleopods is almost always of 
different structure, and constitutes frequently, together 
with the telson, a tail-fin. The lateral portion of the 
posterior part of the cephalic segments are free and 
developed as overhanging folds. A pair of compound 
lateral eyes and a chitinous stomach (crop) are present 
in all cases. The female sexual apertures are situated 
on the antepenultimate, the male on the last pair of 
the thoracic segments. Development either with or 
without metamorphosis. The larva leaving the egg is 
rarely a Nauplius. 

1. Legion: Lepfostraca. A very important group 
of Crustacea which stands nearest (among all living 
forms) to the ancestral type of the Malacostraca, and is 
frequently placed asa special subclass between the Ento- 
mostraca and Malacostraca. Body slender, covered by a 
bivalved carapace, except the four last abdominal seg- 
ments. Besides a movable cephalic plate. Head, with its 
five pairs of typical appendages distinctly separate from 
the thorax. All eight segments of the short thorax dis- 
tinctly marked, with eight pairs of uniform, biramous, 
lamellous, thoracic feet. At the basal portion of the proto- 
podite a large epipodial lamella (serving as a gill). The 
four anterior pairs of pleopods are strong, biramous 
swimming feet, the two posterior pairs are short, bira- 
mous. The last segment of the abdomen bears two forked 
processes. Two stalked, compound, lateral cephalic 
eyes. Heart elongated, with seven pairs of ostia, extends 
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through thorax and abdomen as far as the fourth abdom- 
inal segment. Chitinous stomach (crop) present. | 

Only order and family: Mebalide. Nebalia. Paraneba- 
lia. Nebaliopsis. Marine. 

Related to the Leptostraca, are the fossil, paleeozoic, 
Ceratiocaride (Archzeostraca): Hymenocaris, Ceratrocaris, 
etc. 

2. Legion: <Arthrostraca (Edriophthalmata). Cara- 
pace wanting (except in Anisopoda). The first 
thoracic segment (rarely the second) fused with the 
head, and the first anterior pair of thoracic feet corre- 
spondingly changed into maxillipeds. ‘The two lateral 
eyes sessile. . ) 

1. Order: Azzsopoda. First and second thoracic seg- 
ment fused with the head. Cephalo-thorax with over- 
hanging carapace, covering on either side a branchial 
cavity. The two pair of maxille with palpi. The palpi 
of the anterior pair protrude into the branchial cavity. 
On the maxilliped an epipodial appendage serving as a 
gill. The feet of the second thoracic segment (fused 
with head) are developed into strong pincers. Abdomen 
with biramous swimming feet. Heart in thorax, gener- 
ally with two pair of ostia (in Apseudes only three). 
Apseudes. Tanais. Leptochelia. 

2. Order: /sopoda. Body broad, often dorso-ventrally 
flattened. Only the first anterior segment fused with 
the head, the other seven free. No separate carapace 
The two pair of maxille without palpi. Abdo- 
men generally short, often reduced, in most cases 
consisting of six segments with two branching lamellous 
pleopods, whose endopodites (generally) serve as gills. 
Heart in the abdomen, often extending into the posterior 
thoracic region, with one or two pairs of ostia. Cymo- 
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thoidg, hermaphrodites, either parasitic (fish), or non- 
parasitic: Cymothoa. Anilocra. Citrolana. Nerocila. 
Aega, almost exclusively marine forms. Spheromide 
free, mostly marine: Spheroma. Pranizide, free in the 
ocean, the first three thoracic segmeuts fused with the 
head. Axceid@, females parasitic, males free: Avceus. 
Idotheide, free, largely marine: Jdothea. Asellide : 
Asellus, fresh water form ; Oniscide, terrestrial. Onzscus. 
Porcellio. ‘The groups of the Bopyride and Cryptonis- 
cid@ contain parasites, which are largely hermaphrodites, 
with dwarf males. Females deformed. Sopyrus (with 
separatesexes). Gyge. LEntoniscus. Cryptoniscus. etc. 

3. Order: Amphipoda (flea-crabs). Body laterally 
compressed. Inthe typical Amphipoda only the first 
anterior thoracic segment, in the Caprellidee and Cya- 
midze the first two are fused with the head. ‘The gills 
are tubular epipodial appendages of the thoracic feet. A 
well-developed abdomen bears six pair of biramous feet ; 
the three anterior (stronger) ones serve as swimming 
feet, the posterior (posteriorly directed) are adapted for 
springing. Heart in thorax, generally with three, rarely 
with one or two pair of ostia. 

1. Suborder: Crevettina. Head and eyes small. The 
maxillipeds fuse to form a large underlip with two pedi- 
form palpi. Marine forms: Corophium. Talitrus. Or- 
chestia. Lystanassa, Fresh water form: Gammarus. 

_2. Suborder: Hyperina. Head and eyes large, the 
latter often divided into frontal and lateraleyes. Maxil- 
lipeds from a small underlip without palpus. Marine 
forms: Hyperia (eyes not divided). Phronima. FPlatys- 
celus Oxycephalus. 

3. Suborder: Lemodipoda. Abdomen rudimentary 
and apodal. The two anterior thoracic segments fused 
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with the head. Gills. on the second and third free 
thoracic segments, legs of these segments often reduced. 
Marine forms. Caprellide. Body very thin and slender 
Caprella. Proto. Protella. Cyamide. Body broad and 
flat. Parasites on the skin of whales. Cyamus. 

3. Legion: Zhoracostraca (Podophthalmata). With a 
carapace which covers a larger or smaller portion of 
the thorax and fuses with the dorsal integument 
of all or some of the anterior thoracic segments, but al- 
‘Ways remains along the sides as a gill cover of the 
respiratory cavity. A variable number of anterior thor- 
-acic segments, or all of them fused (at least dorsally) 
with the head into an incomplete or complete cephalo- 
thorax. The two lateral eyes (except in Cumacea) 
stalked. 

1. Order: Cumacea. Shell (cephalo-thoracie shield) 
small, leaves the five posterior free thoracic segments 
uncovered. Eyes sessile, closely approaching or fused 
into one, but little developed, sometimes wanting. Two 
‘ pairs of maxillipeds. The first one with very large epi- 
podite which bears a gill. Of the six following pairs of 
thoracic feet the two first ones always contain, besides 
the entopodites, also an exopodite; this is often the case 
with the three next pairs, but never with the last one. 
Abdomen long and slender. In the females the pleo- | 
pods, except those of the last pair, are wanting. Marine 
forms. Dzastylis. 
' 2. Order: Stomatopoda. Cephalo-thorax rather small, 
not covering the three posterior distinct thoracic seg- 
ments. Body elongated, dorso-ventrally flattened. 
Abdomen large and well developed. The five anterior 
pairs of thoracic feet, situated near the mouth (mandibles 
and maxillipeds) are organs of prey, with epipodial lamel- 
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le, but without exopodites. The threeposterior pairs are 
biramous, without epipodial appendages. The five pairs 
of anterior pleopods are strong lamellous swimming feet, 
whose exopodites bear gill tufts. The sixth pair of ple- 
ods forms, with the telson, a powerful tail-fin. The 
heart lengthens into a dorsal vessel, transversing the 
abdomen, and provided with several pair sof ostia, ovaria 
and testes in the abdomen. Marine. Sguzdla. 

3. Order: Schzzopoda. Cephalo thorax well developed, 
thin, covering the whole thorax; the dorsal integument 
of the five last or of the last thoracic segment is not fused 
with it. The eighth pair of thoracic feet are almost uni- 
form and represent biramous feet (with exopodite and 
entopodite), but the two anterior pairs of abdominal feet 
may be called maxillipeds or foot-jaws, because they 
play the part of jaws. Abdomen strong, slender. 
Pleopods of the female very small, in the male very 
strongly developed. The last pair, well developed in 
both sexes, forms with the telson, a rowing or swimming 
fin. Marine. 1. Family: Mysidee. ‘Thoracic feet with- 
out gills, the first pair with large swinging epipodial 
lamella. The five last thoracic segments free beneath 
the dorsal shield. Auditory organs in the entopodites 
of the sixth pair of pleopods. AZyszs, Szriella: (male 
with gills on the pleopods). 2. Family: Lophogastridg. 
With gill tufts on the thoracic feet; five last thoracic 
segments as in Mysidez. Lophogaster. 3. Family: 
Euphauside. With gilltufts on the thoracic feet. Only 
the last abdominal segment is free under the dorsal 
shieid. Auphausia, Thysanopoda. 

_4. Order: Decapoda. Cephalo-thoracic shield large, 
mostly firm and hard; calcareous, covering the whole 
thorax and fused with the dorsal integument of all 
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thoracic segments. Exopodite of the second maxilla 
forms a vibrating plate which regulates the water cur- 
rent in the branchial cavity. The three anterior pair of 
thoracic feet are developed into maxillipeds, the five 
posterior (Some armed with pincers) adapted for walking 
(therefore Decapoda). The ambulatory feet of adults only 
consist of protopodite and entopodite; the exopodite is 
wanting; auditory organs at the basal joint of the interior — 
antenne. Development direct or with metamorphosis. 
In the latter case the larvee leaving the egg are generally 
advanced beyond the Nauplus stage passing through the 
Zoea and Mysis stage. Extraordinarily rich in forms. 

1. Suborder: Macrura. With well developed abdomen, 
which is at least as long as the cephalo-thorax. Mostly 
with the full number of pleopods, the last pair of which 
forms with the telson a strong tail-fin. Cavidide: Peneus. 
Palemon. Crangon. Pontonia. Alpheus. Sergestes. Leu- 
cifer. Marine. Astacide: Astacus fluviatalis (cray fish 
in rivers). Homarus (lobster). MNephrops. Callianassa. 
Gebia. Palpinuride: Palinurus. Scyllarus. Marine. 

2. Suborder: Axomura (not sharply distinct from the 
preceding). Abdomen tolerably large, tail-fin mostly re- 
duced. ‘The last or the two last pair of ambulatory feet 
rudimentary. Third maxilliped long and pediform. /a- 
gurvide: Hermit crabs, marine, living insnail shells. Ab- 
domen with soft integument, assymmetric with rudimen- 
tary pleopods serving as chele. fagurus. Eupagurus. 
Birgus (in holes inthe ground). A/zppidz, marine, living 
in the mud. Abdomen with solid integument, generally 
bent forward. ‘The Galateide (Galatea) resemble the 
Macrura, the Porcellanide (Porcellana) the Brachyura. 

3. Suborder: Brachyura. Body shortand widened. Ab- 
domen without anal fin, reduced, bent upon the ventral 
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side of the cephalo thorax. In the male only the two an- 
terior pairs of pleopods. Votofoda, marine. Dyromia. 
Dorippe. Lithodes. Oxystomata (round crabs): Maja. 
Pisa. Stenorynchus. Inachus. Lambrus. Marine: Cyclo- 
metopa (bow crabs). Zelphusa (in fresh water). Cancer 
(pocket crabs). Xazntho. Pilumnus. Eriphia. Portunus. 

Carcinus. Marine. Catometopa (quadrangular crabs): 
Pinnoteres. Ocypoda. Grapsus (marine). Gecarcinus land 
crabs). 

-1. Appendix. I Trilobita. No living species in ex- 
istence. They all belong to the paleozoic age. The 
integument of the dorsal side is hard ; the ventral side 
soft. The body is divided into three regions: cephalic 
shield, thorax and tail-shield (pygidium). Two longi- 
tudinal, almost parallel furrows, divide these three parts 
into a convex middle region (rhachis) and two lateral 
regions(pleura). Thesemi-circular or semi-lunar cepha- 
lic shield bears two large compound eyes. The thorax 
consists of a large number of movable segments, and the 
pygidium of a variable number of more or less fused 
segments. The animal was capable of bending the tail 
back upon the thorax. The appendages are rarely pre- 
served. They are segmented, slender feet which are of 
uniform size from the cephalic shield to the pygidium. 
Four pair of maxillipeds, the anterior one (the strongest) 
inserted back of the (shell-like) upper lip. The other 
appendages are biramous feet consisting of a long ento- 
podite, a short exopodite and a branchial thread- or 
band-shaped epipodial attachment. ‘These gills are rudi- 
mentary in the pygidium. Marine animals. Agznostus 
(two thoracic segments). TZyinucleus. Olenus. Para- 
doxtides. Conocephalites. Sao. Calymene. Asaphus. 
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Bronteus. Phacops. Chetrurus. Acidaspis.  Lichas. 
Pretus. Harpes. | 

II Gigantostraca. (Merostomee. Eurypteride) ; en- 
tirely extinguished. ‘They likewise belong to the palzo- 
zoic age. Perhaps largest of all the Arthropoda. Body 
consists of head (cephalo-thorax?), thorax and abdomen. 
The unsegmented head is relatively small, carrying two 
compound lateral eyes and near the median line two 
ocelli. Thorax and abdomen consist each of six seg- 
ments. ‘To the sixth abdominal segment a styliform or 
fin-shaped telson is attached. Head region with six pairs 
of spiny appendages (not biramous). ‘The first anterior 
pair constitutes either delicate, small antennze (EKurypte- 
rus) or a long chela with powerful pincers; the basal 
joints of the others are inserted around the mouth. A 
jaw is attached to each of them, extending inwardly. 
The last pair of maxillipeds is much stronger than the 
others and oar-shaped, they evidently served as a swim- 
ming foot. Five plates consisting of two lateral halves 
and arranged like tiles on a roof, cover the leaf-shaped 
gills on the ventral side of the thorax. ‘The anterior 
(largest) plate is called operculum. ‘The abdomen is 
without appendages. ‘There is a large oval plate behind 
the mouth, the metasoma. Luvypterus. Pterygotus. 

III Hemiaspidz. Extinct paleezoic forms; perhaps 
the connecting link between the Gigantostraca and 
the Xiphosura. Head with shield, thorax with five or 
six free segments (rarely fused), abdomen with three or 
more segments, terminated by a strong styliform telson. 
Two compound eyes, no ocelli. —T'wo dorsal longitudinal 
furrows give the thorax the appearance of a Trilobite. 
Appendages unknown. Bunodes. Hemiaspis. Belinurus. 

IV Xiphosura (Pecilopoda. Limulide). Body covered 
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with a thick, chitinous integument. Two parts: cephalo- 
thorax and abdomen, with a large, movable postanal 
styliform telson. Cephalo-thorax almost semilunar, very 
large, with two lateral horns, directed posteriorly. On 
its dorsal side two compound eyes and two ocelli in front 
of them. ‘The flat segmented abdomen, attached to the 
cephalothorax by a movable joint, has a somewhat hexa- 
gonal shape. Dorsal side convex, ventral side concave. 
Cephalothorax with seven pair of appendages, the first 
one (small, with pincers) corresponding to a second 
pair of antennze (chelicerze). The five following are 
stronger and longer, with jaw-like processes at the basal 
joint (modified in fifth) and pincers at the end (modi- 
fied in fifth). They arise at the sides of the cleft-like 
mouth opening. Behind the mouth two style-shaped 
processes, the chilaria. The seventh pair of thoracic ap- 
pendages resembles those of the abdomen; they consist 
of two plates (joined in the median line), which cover 
the five pair of leaf-shaped abdominal feet, and are called 
the operculum. Each abdominal foot consists of exopo- 
dite, entopodite and gill (integumental reduplicature). 
The gills are arranged like the leaves of a book. Ab- 
dominal feet also used for swimming. A sternal ento- 
skeleton also occurs. Only genus: Lzmulus. Marine. 
L. moluccanus. East Indies. L. polyphemus. East Coast 
ef North America. 

Il Appendix: Pantopoda (Pycnogonidz). Body 
much reduced, consists of rostrum, thorax and abdomen. 
Rostrum divided into a median upper and two lateral 
lower portions. At the anterior end the mouth with its 
three lips is situated. The thorax or main body-trunk 
consists of three fused and three free segments, exhibiting 
lateral processes to which the appendages are joined. 
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Abdomen wunsegmented, short, rudimentary, without 
appendages. The chelicerze terminate in chele (in 
young animals) or are very much reduced if not wanting 
(in adults); the second pair shorter than the rest or 
wanting; the third pair, egg bearer in the males; often 
wanting in the females. The fourth, fifth, sixth and 
seventh pair are never wanting; they consist of nine seg- 
ments, terminate in claws and are extremely long, which 
gives these animals a spider-like appearance. No bira- 
mous appendages. Marine animals. Wymphon. Ffalene. 
Phoxichilidium. Ammothea. Pycnogonum. Collossendeis 
gigas, a gigantic form in very deep water. The longest 
appendages may become 30cm. long, the whole body 
only 8 cm. , 

II Sub-branch: TRACHEATA. ‘Terrestrial. Ap- 
pendages not biramous, consisting of one row of seg- 
ments. Respiration by trachez (tubular or fan shaped). 
- I Crass. Protracheata (Onychophora). Body worm- 
shaped. A pair of preoral antennze on the cephalic 
termination. In the mouth cavity a pair of horny jaws, 
at the sides of the mouth oral papille (salivary papille). 
Numerous short, almost rudimentary ambulatory, legs. 
Apodal abdomen. Breathing by tubular trachez, the 
external openings of which are scattered over the whole 
body. With numerous, segmentally arranged pairs of 
nephridia. With coxal glands (legs). Heart an elon- 
gated dorsal vessel with numerous pairs of ostia. 

Only genus: fevipfatus. Terrestrial animals living in 
dark damp places, beneath tle bark of old trees, unde 
stones, etc. P. Capensis. On the woody hills of the 
Table Mountains; Cape of Good Hope. P. Edwardsiz. 
Venezuela. 2. Nove Zealandie. 

II Crass: Antennata. (ALyriopoda et Hexagon A 
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pair of preoral antenne, three pair of oral appendages. 
Body either homonomously segmented with numerous 
segmented ambulatory legs, or heteronomously seg- 
mented, the appendages being confined to the three 
segments of the thorax, whilst the abdomen is apodal. 
Head and thorax distinct. Breathing by tubular trachee, 
whose external openings (stigmata) are segmentally 
arranged. Heart in all homonomous Myriopoda an 
elongated dorsal vessel (with many segmentally arranged 
pair of ostia), traversing the whole length of the body; 
in the Hexapoda, confined to the abdomen. 

1. Subclass: Myriopoda. (Thousand legs.) Homono- 
mously segmented Antennata with numerous body seg- 
ments, which are all, with the exception of the last one, 
provided with feet. Without compound eyes. With 
numerous ocelli. 

1. Order: Symphyla. With not more than twelve 
body segments bearing ambulatory legs. A pair of 
branched trachez, with the stigmata in the head. Un- 
paired sexual aperture on the fourth segment. Scolo- 
pendrella. Scutigerella (Ryder). | 

2. Order: Chilopoda. Body dorso-ventrally more or 
less flattened. Every ring with only one pair of append- 
ages corresponding to a segment. The two maxille 
separate. The first pair of ambulatory feet moved to 
the head as maxillipeds with poison gland opening from 
the terminal claw. Unpaired sexual aperture on the 
penultimate segment. Family: Scutigeride. With 
compound eyes. Body consists of fifteen segments with 
legs. Only ocelli. Lzthobtus. Henicops. Family: Sco- 
lopendride. With twenty-one or twenty-three segments 
with appendages, (not counting the segment of the max- 
illiped). Body elongated. Scolopendra. Cryptops. Fam- 
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ily: Geophilide. Body very long, with 31-173 segments 
with appendages. Geophilus. Himantarium. 

3. Order: Dziplopoda (Chilognatha). Body mostly 
arched. From the fifth segment to the end every ring 
bears two paired appendages, thus corresponding to a 
double segment. The two paired maxille fused into the 
so-called Gnathochilarium. Without maxillipeds. Paired 
sextial aperture between the second and third pair of 
legs. The legs of the seventh ring in the male modified 
into organs of copulation. Family: Polyxenide. Fif- 
teen paired feet, Gnathochilarium rudimentary. Copu- 
latory appendages wanting. Folyxenus. Family: Glo- 
merid@ I-14 eyes, Ig~20 rings, 29-31 pair of feet. 
Polydesmus. Brachydesmus. Family: Chordeumide. 30 
rings, 45-50 pair of feet. Atractosoma. Craspedosoma. 
Chordeuma. Family: Lysiopetalide. Number of rings 
large, indefinite. Lystopfetalum. Family: /ulide. 30-70 
and more rings. /wlus. Family: Polyzonide. CGnath- 
ochilarium rudimentary. Number of rings not constant, 
30-100 and more. folyzontum. 

4. Order: Pauropoda. Antenne forked with three fla- 
gella. Only one pair of feebly developed maxilla. Ten 
body segments. Nine pair of appendages. Trachzea not 
yet discovered. Sexual apertures on the base of the 
second pair of legs. Pauropus. Eurypauropus (Ryder). 

1. Subclass: Hexopada. Insecta. Heteronomously 
segmented antennz, with an almost constant number of 
segments. The body consists of head, thorax (three 
segments) and abdomen (ten segments). Hach of the 
three thoracic segments with one pair of feet. Abdomen 
apodal. Compound eyes almost always present; besides 
ocelli. Opening of the sexual organs always at the end 
of the abdomen. 
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1. Legion: Apferygota. Without wings. Rudiments 
of abdominal appendages at least in the Thysanura. 
Without metamorphosis. 

1. Order: 7Zhysanura. With ten abdominal segments 
and two or three segmented bristle-like appendages 
(cerci) on the anal segment. Compound eyes and ocelli 
may be present or wanting. Wachilis. Lepisma. Nicoletia. 
Campodea. Lapyx. : 

2. Order: Collembola. Spring tails. With six or less 
abdominal segments. Almost always a forked springing 
apparatus at the end of the abdomen. Without com- 
poundeyes. Sometimes with ocelli. Smynthurus. Podura. 
Lsotoma. Macrotoma. 

2. Legion: Pterygota. ‘The second and third thoracic 
segment each with a pair of wings. Forms without wings 
occur, which are to be derived from winged ancestors. 

1. Order: Dermaptera (Forficulide). FEar-wigs. In- 
sects with gradual metamorphosis and biting mouth- 
parts. Last abdominal segment with unsegmented ap- 
pendages (cerci), forming pincers. Anterior wings short, 
modified into horny wing covers. Posterior wings large, 
delicate, fan-shaped; can be folded longitudinally and 
transversely. Sexual openings separate or rudimentary 
on oneside. Forjficula. Labidura. 

2. Order: Orthopiera (straight winged). Insects with 
gradual metamorphosis, with biting mouth-parts, with 
two pair of thin or parchment-like wings (sometimes 
wanting). Anterior wings mostly shorter and more firmly 
chitinous than the posterior wings. Cerci of various 
forms on the abdominal cavity. Sexual aperture is un- 
paired. Embide, Blattide, cockroaches: Periplaneta. 
Blatta. Mantide: Mantis. Phasmide: Bacillus. Plasma. 
Phyllium. Saltatoria with the families of Acridide (Ac- 
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ridium, Cedipoda, Mecostethus, Stenobothrus, Melanoplus, 
Tettix, etc.; of the Locustide: Locusta. Centhophilus. 
Atphidium. Orchelimum. Conocephalus Cyrtophyllus. Am- 
blycorphaa. Microcentrum. Scudderia. Thyreonotus, and of 
the Gryllide: Tridactylus. Gryllotalpa. Gryllus. Nemo- 
bius. Cicanthus. 

3. Order: Ephemeridea. Insects with incomplete meta- 
morphosis. Mouth parts rudimentary, after the type of 
biting insects. Posterior wings small or wanting, an-. 
terior wings large, wing texture thin and membranous. 
Abdomen with three (rarely two) long cerci. Paired 
genital ducts with separate apertures. Larveze apneustic, 
resembling the Thysanura, with tracheal gills and bit- 
ing mouth parts, live in water. Ayhemera. Ffalingenia. 
Chloé. | 

4.-Order: Odonata (Libellulide). Insects with incom- 
plete metamorphosis, with biting mouth parts, Abdo- 
men with two unsegmented anal stylets, Wings large, 
richly netted-veined, glassy. Thoracic legs moved for- 
ward. lJLarvee in water, with variable tracheal gills, 
apneustic. Lzbellula. Atschna. Calopteryx. Agrion, 
ete. 

5. Order: Plecoptera (Perlarig). Insects with incom- 
plete or gradual metamorphosis; with biting mouth parts. 
Abdomen mostly with two long cerci. Both wings large, 
spacious cells between the veins, the posterior pair often 
broader than the anterior and capable of being partly 
folded. Larve thysonura-like,- with tracheal gills, ap- 
neustic, aquatic. The tracheal gills often persist in the 
imago. ferla. Nemura. 

6 Order: Corrodentia. Insects without any or with 
gradual metamorphosis, with biting mouth parts. Wings 
often wanting. Membranous in the Termitide, caducous 
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in their sexual individuals; wanting in the workers. 
Several Psocide and Mallophaga are wingless. The 
latter also without compound eyes. The winged Psoci- 
dz have glassy wings, with broad-celled veins similar to 
those of the Hymenoptera. Young Corrodentia resem- 
ble the Thysanura. Termiztide, white ants, living in 
communities: Zermes. Colotermes. Psocid@, wood lice. 
Troctes (book louse). Psocus. Mallophaga, bird lice. 
Parasites. 7Zyvichodectes. Philopterus. Liotheum. 

7. Order: Thysanoptera sive Physopoda. Insects with 
gradual metamorphosis, larva resembling closely imago. 
Last larval stage’ takes no food. Sucking mouth parts. 
The claws of the short feet changed with the hooked 
lobe of the tarsus into an evaginable bladderlike appa- 
ratus. Wings very narrow, with reduced system of veins, 
with long fringed margin; often wanting or rudimentary. 
Only three or four pairs of stigmata (one or two on thorax, 
one on the first and one on the eighth abdominal ring.) 
Nervous system concentrated. Thrips. 

7. Order: Rhynchota. Insects with gradual metamor- 
phosis (in the males of Coccidze complete). Mouth parts 
form a rostrum adapted for piercing and sucking. Com- 
pound eyes wanting in parasitic Rhynchota. 

1. Suborder: Phytophthires (plant lice). With two 
pairs of membranous wings, wanting in the females. 
The Coccide have only anterior wings, the posterior 
wings being changed into halters. Family: Psylide, 
leaf-fleas, two pairs of wings, the anterior ones parchment- 
like: Psylla. Livia. Family: Aphide, plant lice, two 
pairs of membranous wings, mostly wanting in the 
female: Aphis. Chermes. » Schizoneura. Phylloxera, 
Lachnus. Myzus. Family: Coccide, shield lice: Coccus 
Lecanium. Aspidiotus. 
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2. Suborder: Pediculide (Aptera). Tice. Without 
facetted eyes and wings. Fediculus. Hematopinus. 
Phthirius. . 

3. Suborder: Heteroptera (Hemiptera). Bugs. Wings 
(partly wanting). Anterior wing covers horny, tips 
membranous. Posterior wings membranous. Geocores, 
land bugs: Hlydrometra. Halobates. Pentatoma. Coreus. 
Corizus. Alydus. Pyrrhocoris. Lygeus. Miris. Capsus 
Acanthia (bed bugs), Reduviz, etc. Hydrocores, water 
bugs: Mepa. Ranatra. Naucoris. Corixa. Notonecta, 
etc. ‘ 

4. Suborder: Homoptera. Anterior and posterior wings 
uniform, membranous, the front pair generally coriace- 
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ous. Cicada. Pseudophana. Centrotus. Aphrophora. Tet-— 


tigona. Ledra, etc. 

9g. Order: Neuvoptera. Insects with complete meta- 
morphosis and biting mouth-parts. Two pairs of mem- 
branous wings, the nervures of which form a network, 
transparent. Family: JAZlegaloptera. Myrmeleon. Man- 
tispa. Hemerobius. Chrysopa. Family: Sialide. WLarve 
aquatic with tracheal gills. Szalzs. Corydalis. Raphtdia. 

10. Order: Panorpata. Insects with complete meta- 
morphosis and biting mouth-parts. Two pairs of mem- 
branous, narrow wings with spacious cells between the 
veins. Larvee caterpillar-like. Panorpa. Bittacus. Boreus 
(wings rudimentary ). 

11. Order: Zvrichoptera (Phryganide). Spring flies. 
Insects with complete metamorphosis. Mandibles rudi- 
mentary. Maxille form a membranous, obtuse rostrum. 
Body mostly hairy, rarely scaly. Posterior wings gen- 
erally larger than the anterior, can be folded like a fan. 
The grub-like larvz live in dwelling tubes or cases, 
mostly in water, possessing tracheal gills and are apneu- 
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stic. Phryganea. Limnophilus. Halesus. Hydropsyche. 
Mystacides, etc. 

12. Order: Szphonatera sive Aphaniptera. Fleas. In- 
sects with complete metamorphosis, with sucking and 
piercing mouth-parts. No wings. No facetted eyes. 
Parasites. Pulex. Sarcopsylla. Ceratopsyllus. 

13. Order: Coleoptera. Beetles. Insects with complete 
metamorphosis and biting mouth-parts. Anterior wings 
(wing covers) horny Posterior wings membranous, may 
be folded transversely and longitudinally, used exclu- 
sively for flying. lLarvee of different form, often resem- 
bling a Thysaneutra, sometimes a grub, rarely without 
feet (Curculionide), with biting mouth-parts. Several 
thousand genera with more than 80,000 species. 

1. Suborder: Cvyptotetramera. ‘'Tarsi composed of four 
joints, of which one is cncaemnaet Families: Coccinel- 
lide. Eudomychidie. 

2. Suborder: Cryptopentamera. ‘Tarsi five-jointed, one 
rudimentary and concealed. Families: Chrvysomelide. 
Cerambycide. Curculionide. Bostrychide, etc. 

3. Suborder: Heteromera. ‘The tarsi of the two an- 
terior pairs of legs five-juinted, those of the others four- 
jointed. Family: Jelorde (Cantharide). Rhipiphoride, 
Tenebrionide. CGdemeride. Cistelide, etc. 

4. Suborder: Fentamera. All tarsi generally five- 
jointed. Families: Xylophaga. Malacodermata. Ela- 
teride. Buprestidae. Lamellicornia. Silphide. Psela- 
phide. Staphylinide. Hydrophilide. Dytiscide. Cara- 
bide. Citindelide, etc. 

14. Order: Lepidoptera. Butterflies. Insects with com- 
plete metamorphosis and suctorial mouth parts, which 
mostly form a spirally rolled proboscis. Body covered 
with scales. Both pairs of wings uniform, membra- 
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nous, covered with scales, rarely capable of folding. 
Posterior wings generally somewhat smaller than the ~ 
anterior. Larval caterpillars with anal feet, with biting 
mouth parts, rarely (Micropteryx) apodal. 

. Suborder: Microlepidoptera. Families: i 
Ie ee Pyralide. Tortricide. 

2. Suborder: Geometrina. Joopers. Families: Phy- 
tometride. Deudrometride. 

3. Suborder: (Voctuzna. Owls. Families: Ophzuside. 
Plusiade. Agyrotide. Cuculliade. Acronyctide, etc. 

4. Suborder: Bombycina (Silkworm moth). Families: 
Bombycide. Saturnide. Psychide. Zygenide. Cosside. 
Siparide. Euprepiade. Notodontide. 

5. Suborder: SpAzmgina. (Sphinx moths.) Hamill 
Sestade. Sphingide. : 
' 6. Suborder: Rhopalocera. Butterflies. Families: Hes- 
peride. _ Lycenide. Satyride. Nymphalide. Helt- 
coniide. Lguttide. 

15. Order: Hymenoptera. Insects with complete meta- 
morphosis, with biting mandibles, and mostly suctorial 
maxille. Generally four membranous transparent, 
sparely veined wings. Caterpillars variable, apodal 
(with the exception of the leaf and wood wasps which 
have caterpillar-like larve), i. e., grubs. 

1. Suborder: Zevebrantia. Female with ovipositor as 
tube or borer (terebra). Families: 7enthredinide (leaf- 
wasps). Uvoceride (wood wasps). Cynipide (gall flies). 
The larvee of: Ptervomalide, Braconide, Ichneumonide, 
Evaniade are mostly parasites in the larvee of other in- 
sects. hae. 

2. Suborder: Aculeata. Female with poison sting 
and poison gland. Family: Formicide (ants). Fossorta 
(digging wasps). Vesfid@ (wasps). Apide (bees). 
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16. Order: Diptera. Two-winged. Insects with com- 

plete metamorphosis, with suctorial and frequently also 
stinging mouth parts. Anterior wings membranous, 
transparent. Posterior wings transformed into halters 
(swinging plates). Larve grub-like (apodal), with or 
without head. 

1. Suborder: Pupipara. Sheep ticks, bird and bee 
lice. Vivaparous. The larve are born shortly before 
their entering upon the pupa stage. Parasites. Wings 
frequently rudimentary. Melophagus. Braula. Nycter- 
zbia. 

2. Suborder; Brachycera. Flies. Antennze short, con- 
sisting mostly of three segments. Numerous families: — 
Muscide. Conopide. Cstride. Syrphide. Empide. Asi- 
lide. Bombyliude. Therevide. Tabanide. Leptide. Xylo- 
phagide. Stratiomyide. 

3. Suborder: Memocera (Tipularia). Mosquitos. An- 
tenna long, several segments; males often with tufts of 
hairs. Families: Bzbtonide. Fungicole. Noctuiformes. 
Culiciformes. Culicide. Gallicole. Limnobiide. 

Note.—The Dermaptera are generally classified as a 
family with the Orthoptera. The Ephemeridea, Odonata, 
Plecoptera Corrodentia and Thysanoptera are frequently 
united under the head Pseudoneuroptera and the Panor- 
pata are united with Neuroptera. 

III Crass: Arachnoidea sive Chelicerota. Spider- 
like Arthropoda. No preoral appendages resembling the 
antennze of the Antennata and Protracheata. Several 
anterior body segments (seven, including cephalic lobe) 
are fused into an unsegmented region, called cephalo- 
thorax, with six pairs of appendages, of which the first 
anterior one is moved in front of the mouth. The first 
two anterior pairs are-developed as oral appendages, the 
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first one being called chelicerze, the second one pedipalpi. 
The three other pairs of appendages are segmented, 
mostly long legs. Abdomen segmented or unsegmented 
or fused with the thorax, without developed appendages. 
Breath either exclusively by plicate tracheze or by 
plicate and tubular trachee at the same time, or ex- 
clusively by tubular trachezee. Number of segments 
limited, four pairs at most. The stigmata are almost 
always situated on the abdomen. MHeart confined to the 
abdomen, rarely wanting. 

1. Order: \Scorpiontdea. Scorpions. Body divided 
into a stout unsegmented cephalo thorax and a long, 
segmented abdomen. The latter consists again of a thick 
and broad preabdomen with seven segments and a nar- 
row, elongated postabdomen with five segments. ‘The 
last segment carries a poison sting. On the ventral side 
of the second abdominal segment two lateral comb-shaped 
appendages. Chelicerzee and pedipalpi terminate in 
claws. Pedipalpi with large chele, four pairs of pli- 
cated tracheze (lungs) whose stigmata are situated along 
the ventral side from the third to the sixth abdominal 
segments. uscorpius. Buthus. Androctonus. 

2. Order: Solpugidea. WHead separate. Thorax with 
three segments ; abdomen with ten segments, cylindri- 
cal. Chelicerze with claws, pedipalpi long, serving as 
ambulatory legs. ‘Tubular tracheze. A pair of stigmata 
on the first thoracic segment and one on the second and 
third abdominal segment respectively. Galeodes. Sol- 
puga. 

3. Order: Pseudoscorpionidea (Chernetide). Cephalo- 
thorax unsegmented or with two transverse furrows, 
abdomen broad, flat, with eleven segments. Neither 
poison-sting nor caudal spine present. Cheliceree and 
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pedipalpi as in second order. Tubular tracheze. Two 
pairs of stigmata on the second and third abdominal seg- 
ment. Withspinning glands. Smallanimals. Chernes. 
Chelifer. Obtstum. Chthonius. 

4. Order: Pedipalpi (Thelyphonide). Scorpions and 
spiders. Cephalo-thorax unsegmented, distinct from the 
abdomen. ‘The latter pressed down, consisting of eleven 
or twelve segments. Chelicerze claw-shaped. Pedipalpi 
large, terminating either in aclawor in chele. First 
pair of legs with flagellate termination antenna-like. 
Two pairs of plicate tracheze whose stigmata lie on the 
ventral side of the second or third abdominal rings: 
Thelyphonus (three last abdominal segments form a rudi- 
mentary region distinctly separate from the rest of the 
abdomen, and carrying a long, segmented caudal spine). 
Phrynus. 

Here belong perhaps also the comparatively unknown 
groups of the 7artaride and Microthelyphonide. 

5. Order: Phalangidea. Cephalo-thorax unsegmented, 
abdomen thick and stumpy, its whole breadth joining 
the cephalo-thorax, consisting of six segments, with 
chelate chelicerz ; the pedipalpi serving as ambulatory 
legs, legs often extraordinarily long and thin. Tubular 
trachez, with one pair of stigmata which lies ventrically 
along the separation line of cephalo-thorax and abdomen. 
Without spinning glands. Phalangium. Letobunum. 
Gonyleptus. 

6. Order: Cyphophthalmidea (often classified as a family 
to the preceding order). Cephalo-thorax unsegmented, 
abdomen with eight segments. Habit of the Pseudo- 
scorpionide. Chelicerze and pedipalpi similar to those 
of Phalangide. Tubular tracheze. Cyphophthalmus 
(without spinning glands, with one pair of stigmata on 
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the ventral side of the first abdominal segment). 
Gibbocellum (spinning glands on the base of the abdomen 
behind the sexual aperture; two pairs of stigmata on the © 
second and third abdominal segment.) 7 

7. Order: Avanerdea. Spiders. Cephalo-thorax and 
abdomen unsegmented, the latter large and oval shaped. 
_ Abdomen separated by a narrow short stalk from the 
cephalo-thorax. Four to six pairs of spinning mam- 
millze at the end of the abdomen. Cheliceree chelate 
with poison gland. Pedipalpi serving as ambulatory — 
legs. Terminal segment of the male modified for pur- 
posesofreproduction. Hither exclusively plicate tracheze 
or both plicate and tubular trachez. 

1. Suborder: 7Zetvapneumones. With four plicate 
tracheze, without tubular trachez. The two pairs of 
stigmata ventrally behind the base of the abdomen. 
Mostly four (Atypus six) spinning mammille. A/ygale 
(Avicularia). Ctentza. <Atypus. 

2. Suborder: Dipneumones. With two plicate tracheze 
which open with two stigmata on the base of the abdo- 
men and with tubular tracheze, opening in an unpaired 
(rarely paired, Dysderidz) stagma, behind the stigmata 
of the plicate tracheze. The unpaired stigmata of the 
tubular tracheze has moved far back, now lying before — 
the spinning mamille. With six spinning mammille. 
Here belong most spiders spinning webs. Family: Dys- 
deride (two stigmata for the plicate tracheze). Dysdera. 
Segestria. Family: Saltigzade, jumping spiders: Sad- 
ticus.  Attus. Family: Cttigrade (Lycoside), wolf 
spiders: Lycosa. Tarantula. Family: Laterigradea, 
crab spiders: Micrommata. Philodromus. Xysticus. 
Family: Tudztelarig, tube weavers: Dictyna. Tegenaria. 
Agelena. Argyroneta. Drassus. Clubiona. Family: 
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Retitelasig, net spiders: Linyphia. Theridium. Phol- 
cus. Family: Orbitelarig, orb weavers: Epetra. Zilla. 
Meta. 

8. Order: Acarina, Mites. Abdomen fused with the 
cephalo-thorax. Body unsegmented. Biting or stinging 
and suctorial mouth parts. Respiratory organs wanting 
or, if present, tracheze. Many mites are parasites. A. 
Mites with tracheze. Family: 7vombiditda: Tvrombzd- 
.tum. Family: Tetranychide: Tetranychus. Family: 
_ Hydrachnide, water mites: Atax. Hydrachna. Hydro- 
doma. (Thesubfamily of Halacaride, sea mites [Aletes. 
Halacarus] without trachez). Family: Bdellide. Bdella. 
Family: Ovibatide: Oribata. Letsoma. Family: Ga- 
maside, beetle-mites: Gamasus. Uropoda. Family: 
Ixodide, ticks: Jxvodes. Argus. B. Mites without 
tracheze. Family: Zyrvoglyphide, cheese-mites: TZyro- 
glyphus. Family: Dermaleichide: Listrophorus, Anal- 
ges. Family: Sarvcoptide, itch-mites: Sarcopies. Fam- 
ily: Demodicide: Demodex (in hair follicles of domestic 
animals and man). Family: /hytoptide, gall-mites. 
Phytoptus. 

Appendix : Linguatulida (Pentastomida). Body worm- 
like, mostly flattened, externally segmented. No mouth 
apparatus. Two pairs of movable hooks around the 
mouth. Sensory organs and trachez are wanting. Male 
aperture behind the mouth, female aperture on the pos- 
terior end of the body. Parasites. Pentastomum. P. 
tenioides. In the nose and mouth cavity and cerebral 
sinus of dog and wolf. Embryos are expelled with the 
mucous of the nose and swallowed by hare or rabbit or 
other mammals, through whose alimentary canal they 
penetrate the liver and lungs. Here it encysts and un- 
dergoes a remarkable metamorphosis, resulting in the 
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larva Pentastoma denticulatum. It breaks through the 
capsule‘and moves freely about, finally entering again 
the mouth of a mammal. 

Organization of the Crustacea. ‘The external structure 
of the Crustacea is of the highest interest for comparative 
anatomy. ‘The chitinous envelope which covers the 
whole body and its appendages, does not only serve as a 
protection for the internal organs, but also as a skeleton 
to which the muscles are internally attached. ‘There 
are, therefore, intimate relations between external and 
internal organization. We consider: (1) the main body- 
region, (2) the appendages, (3) the gills. 

The min body-region, i. e., the body, without its ap- 
pendages consists of a number of successive segments (met- 
ameres), which are connected by movable joints, the chit- 
inous envelope remaining thin and soft between succes- 
sive rings.. Originally the number of body segments 
corresponded to the number of appendages, the an- 
terior or head segment being distinguished by the 
presence of eyes, mouth, brain and antennee (different 
from the other uniform appendages), whilst the last seg- 
ment (without appendages) contained the anus. But no 
known Crustacean exhibits such a regular segmentation. 
On the contrary, the anterior region of all Crustacea is 
externally unsegmented, and bears not one, but five 
pairs of appendages. One cephalic segment may have 
fused with four successive segments. ‘This unsegmented 
anterior region is called the head. All the rest of the 
body may be termed the ¢vunk. (See classification for 
distinction of subclasses with regard to number of seg- 
ments.) We may assume that the same segments corre- 
spond in different Crustacea, e. g., the second or sixth 
or tenth trunk segment of an Isopod to the second, sixth 
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or tenth of a Phyllopod. Likewise, since the segments 

differentiate ontogenetically from the anterior to the pos- 

terior end, as in the Annulata, it may be assumed that 

the anal segment is the same in all Crustacea. The regu- 

larity of segmentation may be either disturbed or disap- 

pear altogether: (1) through the appearance of a shell 

or shield (integumental reduplicature), which is very 

general and may be an ancestral peculiarity of the Crus- 

tacea (segmentation disappears by fusion); or (2) trunk 

appendages may acquire nutritive functions, and join 

the cephalic appendages so that their segments fuse with - 
the head segment; or (3) other appendages may lose 

their functions (locomotory) and degenerate, which 

results in a reduction of the corresponding segments; or 

(4) acquired parasitic modes of life may cause a degen- 

eration of appendages, and with it the disappearance of 
corresponding segments. 

In discussing the body appendages it will be necessary 
to contrast those of the first anterior segment with all 
others. They consist of a single row of successive joints, 
whilst all the others divide into two branches, called 
bivamous feet. Such a biramous foot is composed of 
three parts: the pzotopodite (basal), the entopodite (inner 
branch), and exopodite (outer branch). The protopodite 
consists of a proximal part, articulating with the body, 
and a distal part bearing the two branches, which are 
alsosegmented. Various modifications of the appendages 
arise all of which, however, may be traced back to the 
above type. 

The body of the ydangest Crustacean larva, the Vaz- 
pltus larva, is unsegmented, possessing three constant 
pairs of appendages (1, pair simple feet; 2 and 3, biram- 
ous). The anterior pair develops in the adult into the 
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anterior antennze, the second pair into the posterior an- 
tenne, the third pair into the mandibles. During the 
metamorphosis (shedding of skin) of the Nauplius the 
larval body elongates and develops posteriorly new seg- 
ments with new biramous appendages. In the adult the 
structure of these biramous feet may change. 

The appendages of the head consist of the anterior an- 
tennz (antennule), posterior antennze, mandibles, an- 
terior maxillee and posterior maxille. The antennule 
are situated before the mouth, and consist only of one 
single row of joints (organs of touch, or smell, or hear- 
ing). The antenne (feelers) consist typically of proto- 
podite, entopodite and exopodite. ‘The mandibles (or 
masticatory apparatus) are originally typical biramous 
feet; the basal joint of its protopodite is modified into a 
hard, often toothed plate; all other parts are reduced. 
The anterior maxille (masticatory) have retained more of 
the original character, an exopodite being frequently 
present. In the posterior maxillz (masticatory) the ex- 
opodite is still further modified into a swinging plate. 
In the Thoracostraca, the Ostracoda and the Copepoda a 
pair of peculiar processes (paragnatha) arise between 
_ mandibles and maxilla, which may be the free proximal 
joints of the anterior maxille. 

The appendages of the trunk are aipiaen into those of 
the thorax and those of the abdomen. Anterior thoracic. 
feet may become auxiliary organs of nutrition (maxilli- 
peds). In acomplete thoracic foot of a Malacostracan 
an epipodite joins the proximal part of the protopodite, 
whilst the exopodite and the pentamerous entopodite 
are attached to the distal part. When exopodite and 
entopodite are wanting the thoracic foot is simple, repre- 
senting a leg of seven joints in one row. When the 
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proximal part fuses with the thoracic skeleton, only the 
distal part of the protopodite can be recognized. The 
abdominal feet (pleopods) are joined to the first six seg- 
ments of the abdomen, whilst the seventh or last seg- 
ment, the telson, is without appendages. 

Respiration takes place through the external integu- 
ments, which in the higher forms undergo various modi- 
fications. The surface of theinteguments may be enlarged, 
forming a mantle or a dorsal shield, a bivalve shell or a 
cephalo-thoracic shield, whose soft parts aid respiration 
either as epipodial attachments of the maxille or of the 
maxillipeds, or as so-called branchial attachments of the 
fourth, fifth and sixth pair of appendages. In the higher 
Malacostraca the integumental reduplicature serves purely 
as a protection of the delicate gills. In the Balanide 
numerous mantle processes are generally considered as 
gills. In the Cypridide a series of gill-leaves occurs 
beneath the shell on either side of the dorsal line. The 
function of respiration is in the large majority of Crus- 
tacea carried on by the ‘appendages or branches of the 
appendages, because the motions of the appendages and 
the consequent change of water is beneficial to respira- 
tion. (See classification for details.) 

The body-epithelium is represented by the hypodermis 
which secretes a chitinous cuticula, serving as a protec- 
tion for the body, and as an exoskeleton for the muscular 
structure. It undergoes in different individuals, in dif- 
ferent places, manifold modifications, in some of them 
becoming calcified. Frequent molts further the growth 
of the body, and represent the metamorphosis of the 
Crustacea. Fine pores perforate the cuticula. 

A connected cutaneous muscular envelope, character- 
istic in the Vermes, is wanting in all the Arthropoda, 
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The exoskeleton offers a much larger localization of the 
muscular structure. There were evidently in the homo- 
nomously segmented ancestors of the Crustacea four 
longitudinal segmented muscles present, two dorsal and 
two ventral, with intersegmental myomeres. ‘The mus- 
cular structure of living Crustacea may be divided into 
that of the kody, of the appendages, and that which is 
common to both. The principles involved in the ar- 
rangement and work of the muscular structure of all the 
Arthropoda may be understood if we observe; (1) that 
the exoskeleton represents a chitinous tube in every seg- 
ment of the body and in every joint of the appendages; 
(2) that the muscles are attached to the internal wall of 
the skeleton; (3) that the muscles extend between the 
successive joints; (4) that the chitinous cuticular skel- 
eton is thin and flexible between two segments or joints, 
and (5) that the tubiform exoskeleton of two successive 
segments or joints is connected hinge-like at opr 
places. 

‘When the hieadhen attachments to the exoskeleton 
are of a chitinous nature, an entoskeleton may arise. 
A shell muscle is present in the bivalve Entomostraca for 
the purpose of closing the shell. The muscular cells of 
all Arthropoda are cross-striped. 

The alimentary canal extends as ob binaede straight tube 
through the whole length of the body.. The mouth is 
situated on the ventral side of the head, distinguished 
by an overhanging upper lip and lower lip (paragnatha), 
and surrounded by appendages which have assumed 
the functions of mastication and prehension. (mandibles, 
maxilla, maxillipeds). - The anus is situated in the ter- 
minal segment of the body. According to the ontogeny 
and structure, three separate parts of the alimentary 
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canal must be distinguished: foregut, hindgut, and mid- 
gut, the last forming the long connection between the 
first and the second. Foregut and hindgut, arising from 
' the ectodermal stomodzeum and proctodzeum of larva or 
embryo, possess on the internal surface of their epithelial 
wall a chitinous cuticula (intima) which continues at 
the mouth and anus into the hypodermal chitinous exo- 
skeleton of the body. Only the epithelium of the mid- 
gut, derived from the mesenteron, is of entodermal 
origin. The midgut develops in almost all Crustacea 
diverticula which play the part of a hepato-pancreas. 
The foregut of the Entomostraca represents a simple 
cesophagus; that of the Malacostraca an ascending nar- 
row cesophagus and an enlarged, cephalic masticatory 
stomach or crop. Salivary glands are generally absent 
in the cesophagus (except in Astacus fluviatilis), but 
present in the buccal cavity. The midgut of the Deca- 
poda, Isopoda and probably the Anisopoda is almost en- 
tirely transformed into the hepato-pancreatic glandular 
tubes, so that the hindgut becomes very prominent in 
size. The anus of the Entomostraca is dorsally situated, 
that of the Malacostraca ventrally. Posterior glands or 
diverticula are wanting. Circular muscles control the 
contraction and expansion of almost the whole aliment- 
ary canal. 

The zervous system of the Crustacea must be derived 
from that of the Annulata. Typically it consists of the 
brain or supra-cesophageal ganglion (two symmetriclateral 
halves in the first segment of the body—head-segment), 
which sends nerves to the unpaired eye, the anterior 
' antenneze and the frontal sensory organs. All the other 
segments possess each two ganglia in the median ventral 
line (closely together or double ganglion). The two 
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ganglia of each segment are connected with each other 
by a transverse commissure, and with the corresponding 
ganglia of the neighboring segments by a longitudinal 
commissure. The two first commissures constitute the 
cesophageal commissures. From each double ganglion 
of the ventral cord nerves are given off to the muscles of 
the segment and its appendages, beginning with the sec- 
ond pair of antennze. Modifications of this general 
structure (best represented in Phyllopoda) arise: (1) 
through a gradual fusion of the double ganglion into 
one; (2) through the close approach of the longitudinal 
commissure, which connect the ganglia; (3) through the 
close approach of successive ganglia which may fuse into 
a ganglion mass (Copepoda); (4) through the displace- 
ment of ganglia; (5) through the displacement of those 
regions which give off nerves; (6) entire disappearance 
of ganglia only takes place in the posterior ganglia. 
All these modifications are due to transformations in the 
whole organization. A sympathetic nervous system oc- 
curs in certain members of the Leptostraca, Arthrostraca 
and Thoracostraca. Nerves branch out from a ganglion 
on the upper side of the stomach, extending to the stom- 
ach wall, the liver, and the heart. 

The eyes of the Crustacea are generally well developed, 
and exhibit a high degree of complication. Organs of 
vision are either wanting or rudimentary in most para- 
sitic and sessile groups (Cirripedia), so among those 
which live in deep or dark regions. We distinguish two 
kinds of eyes: the unpaired frontal eye (secondary) and 
the paired lateral eyes (primary). The former occurs in 
the young larvee of all Crustacea (Nauplius eye), and is 
retained in the adult Entomostraca; it evidently belongs 
to ancestral types, Paired eyes occur in all Malacos- 


CRUSTACEA. 201 


traca and in many Entomostraca. They are either 
movable stalked eyes or rigid and sessile; the former 
are an outgrowth of the latter. They do not constitute 
a pair of appendages. (See structure of the eye, p. 57.) 
Specific organs of touch are the bristles of the antennz 
and other appendages; one or two ganglion cells at their 
base are connected with the nervous system. Ovgans of 
smell are represented by special vesicles, threads, tubes 
or styles, grouped in tufts along the anterior antenne. 
They are directly connected with nerve fibres (Calceoli of 
Amphipoda?) Frontal sensory organs are cuticular 
appendages innervated by the frontal nerves. They are 
present in the larvee, and therefore of ancestral type. 
Auditory organs occur in the Decapoda at the basal joints 
of the antennule (page 53). 

The dlood-vascular system is not closed; it stands in 
open communication with blood-lacunz, which are 
open cavities between the different organs of the body, 
representing the body cavity The typical plan of the 
system of circulation (nearest in Branchippus) is as 
follows: A contractile, tubular dorsal vessel (heart) 
traverses the body along the dorsal median line of the 
alimentary canal; flow of blood, as in Annulata, from 
the posterior to the anterior end. In each trunk- 
segment a pair of slit-like openings, so-called ostia, lead 
from the dorsal vessel in the surrounding blood sinus, 
the pericardial sinus, which again represents a part of the 
body cavity. The hemolymph flows from the latter 
into the dorsal vessel; leaving this at its anterior end, it 
traverses in reverse order the system of lacunz, which 
extends beneath the integument of the body and its 
appendages, where respiration takes place, and returns 
again tata the pericardial sinus. All other heart forms 
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-have arisen through reduction of segments and dis- 
appearance of ostia. (Details given in the classification. ) 
The organs of respiration are in all Arthropoda interposed 
in that part of the blood circulation which returns the 
blood from the body to the heart. ‘The blood corpuscles 
are generally colorless and of amceboid form. 

The organs of excretion are chiefly represented by the 
shell gland and the antennular gland. Both are paired, 
the latter opening at the basal joints of the posterior 
antenneze, the former situated in the shell reduplicature 
or in the cephalo-thoracic shield, in the region originally 
corresponding to the second maxillary segment; it opens 
at or near the posterior maxille The antennular 
glands are present in the adult Malacostraca and the 
larval Entocostraca; the reverse is the case with the 
shell glands. ‘The structure of both glands is essentially 
the same. A terminal vesicle (with lateral evaginations 
in higher forms) and loop-shaped urinary canal (with 
complicated coils and urinary vesicle in higher forms) 
compose these organs. Their origin is still doubtful. 

The Crustacea are, with few exceptions, animals of 
separate sex. Only sessile and parasitic forms (Cirripe- 
dia and Isopoda) are hermaphrodites. Parthenogenesis 
occurs only in Estheria and Apus (Brachiopoda) and in 
the Cladocerze. Male and female organs consist of one 
pair each, are of the same typical structure and occupy 
the same position in the body. The male organs are 
composed of the testes, vasa deferentia, ductus ejacula- 
torius and the apparatus of copulation; the female organs 
of ovaria,oviducts, receptaculum seminis (vulva, vagina), 
and an apparatus of copulation. Ovaria and testes can 
not be distinguished in their earliest stages; they arise 
as cell groups from the mesoderm, so likewise, but sepa- 
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rate from them, the oviducts and vasa deferentia. ‘The 
terminal portions are evaginations of the external integu- 
ment. The external organs of copulation are either 
transformed appendages, or attachments of them, or 
processes, folds, humps, etc., of the integument. 
Modifications of the sexual organs consist largely of 
fusions of the different parts. The ovaria and testes are 
either simple or branched or coiled tubes or sacs, situ- 
ated dorsally on both sides of the alimentary canal, or 
between this and the heart, sometimes occupying the 
whole length of the body. ‘The sexual apertures are on 
_ the ventral side (except in Copepoda and some Clado- 
cere). The genital segment of the Entomostraca is not 
constant ; it generally lies immediately behind the an- 
terior part of the trunk. The sexual apertures of the 
Malacostraca have a definite and constant position. 
Those of the male are situated at the basal joints (mostly) 
of the eighth pair of thoracic appendages; the female 
apertures at the basal joint of the protopodite of the ante- 
penultimate pair of thoracic feet. The spermatozoa are 
often large, of radial shape, and immobile. Frequently 
spermatophores are present, and in the eggs accessory 
envelopes, both secreted by the glands of the eductory 
passages. Oviducts and vasa deferentia, together with 
the antennular and shell glands, are homologous with 
the nephridia of the Annulata. 
Ontogeny of the Crustacea. The study of the meta- 
morphosis of the Crustacea is one of the most interesting 
themes of morphological investigation. Having, how- 
ever, given a full account of the ontogeny of the Annu- 
lata because of their central position, we have to confine 
ourselves to the most essential features. For a long 
time the Mauplius (larval form) was considered by the 
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most prominent investigators the hypothetical ancestral 
form of all Crustacea and the Zoéa (larval) occupied the 
same position with regard to the higher Crustacea or 
Malacostraca. ‘To Claus belongs the credit of having 
proved that the Zoéa is only a secondarily derived larval 
form, whilst Hatschek first pointed out that in the deri- 
vation of the Crustacea from Phyllopodal ancestors the 
relation of the latter to the Annulata would be the most 
natural explanation. He based his arguments especi- 
ally upon the similar structure of the central nervous 
system, which represents atrue homology. A derivation 
of Crustacea from an unsegmented Annelide through the 
Nauplius form, would argue for an independent origin of 
the corresponding features in both groups, i. e., a mere 
analogy, which can hardly be maintained. It is now ac- 
knowledged that the Nauplius isa segmented larval form 
(with three trunk-metameres, a cephalic region and 
an anal segment united with the budding zone) which 
may be compared with a young metamerical segmented 
Annelide larva. This shows that the larve of the 
Crustacea are trochophore secondarily modified by the 
early development of typical Crustacean characters. The 
transition of the Annulata to the ancestral forms of the 
Crustacea (Protostraca) was connected with certain 
changes in structure and mode of locomotion. But even 
this hypothetical form differs considerably from the 
Primitive Phyllopoda, the original, real Crustacea. ‘The 
Palzostraca (Trilobita, Gigantostraca, Xiphosura) and : 
the Pantopoda constitute the direct descendants of the 

Protostraca. Even Peripatus shows Crustacean charac- 
ters, which proves that the ancestral form of Myriopoda 
and Insecta have their origin in the group of the Proto- 
straca. The primitive Phyllopoda forming the transition 
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from the Protostraca to the real Crustacea possessed evi- 
dently a more homonomously segmented body, and less 
difference in the various body regions than we find in 
modern Crustacea. Each trunk segmcnt possessed a pair 
of ventral ganglia, a pair of biramous, lamellate, phyllo- 
podlike appendages, and perhaps alsoa pair of nephridia 
(as in Peripatus). The forked processes of the anal seg- 
ment may be likewise of ancestral origin. The most 
typical Crustacean characters evidently found their ex- 
pression in the formation of the anterior body region, the 
so-called head, arising from a union of the first five an- 
terior segments (sixth with eyes and frontal organs?), 
whose dorsal integument enlarged into acarapace. The 
originally uniserial antennulz occupy an exceptional 
position as bearers of important sensory organs. The 
second antennze were biramous and served as oars, or, 
perhaps, as masticatory organs. ‘The basal joint of the 
mandibles assumed masticatory functions, whilst the rest 
is still retained in Copepoda as a biramous palpus. The 
two following pairs of maxillee approached the structure 
of the trunk segments which they still possess in 
modern Crustacea. Paragnatha may also have been 
present. The first anterior cephalic segment contained 
the frontal organs (primary cephalic tentacle of Annu- 
lata?) the unpaired eye (so-called Nauplius eye) and the 
paired compound eyes. These are the characters which 
separate the real Crustacea from the Palezeostraca and the 
other Arthropoda. The primitive Phyllopoda were proba- 
bly of separate sex; they possessed a long dorsal vessel 
with paired segmental ostia and hepato-pancreatic diver- 
ticula. 

In addition to what has been said on Peripatus, it 
must be emphasized that its muscular structure is repre- 
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sented by a highly developed cutaneous muscular envel- 
ope, which consists: (1) of an external, circular, fibrous 
layer; (2) of a double layer of intersecting diagonal 
fibres; (3) of a strong, longitudinal, fibrous layer, com- 
posed of various lamina. Numerous sagittal or trans- 
verse muscular fibres constitute a median structure 
(around heart, alimentary canal and genital organs) and 
two lateral structures (around nervous system and seg- 
mental organs). ‘They correspond to the dorso-ventral 
or transverse muscle fibres of the Annulata. Only the 
muscles of the jaws are cross striped. ‘The alimentary 
canal (ciliated internally) extends through the whole 
body, and consists of mouth-cavity (with opening of 
salivary glands), pharynx (with very thick muscular 
wall), short cesophagus, stomach (with folded wall but 
without mesenteries) and rectum. The nervous system 
is distinguished by the numerous transverse commissures 
(9-10 in one segment), which connect the widely sep- 
arated longitudinal nerve cords. Two nerves proceding 
from the brain to tongue, pharynx and cesophagus, rep- 
resent a sympathetic nervous system. The two dorsal 
cephalic eyes correspond in their structure to the eyes 
of Alciopea. Ontogenetically it is an invagination of 
the cephalic ectoderm. The blood-vascular system of 
Peripatus is typical; the pericardial sinus is separated 
from the body cavity beneath by a horizonal, perforated 
septum. Every segment possess a pair of nephridia 
which exhibit the typical structure of those of the An- 
nulata. Salivary glands, anal glands and genital ducts 
are modified nephridia. Of extraordinary importance is 
the fact that Peripatus possesses the respiratory organs 
which are characteristic only of the Tracheata, namely 
trachee or air tubes, They consist of very long and thin 
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chitinous tubes which united into tufts open at the base 
of flask-shaped depressions of the integument. Their 
number and arrangement vary. Coxal glands are present 
in all appendages except the first pair. They are very 
long in the male. The above-mentioned salivary glands 
are transformed coxal glands extending through the 
body. ‘The sexes are separate. The female apparatus 
consists.of ovaria (attached to pericardial septum), uteri 
(much coiled), unpaired vagina (ventrally between 
penultimate legs); receptaculum seminis and receptacu- 
lum ovorum, each one attached to an uterus. The male 
apparatus consists of testes, vasa efferentia, seminal vesi- 
cles, vasa deferentia (much coiled) and ductus ejacula- 
torius, which secretes a spermatophore. Peripatus is 
viviparous. The eggs develop in the uterus, in which 
all stages are found, the youngest nearest the ovarium, 
the oldest nearest the vagina. 

The anatomic and ontogenetic relations show that 
Peripatus unites the characteristics of the Annulata and 
the Arthropoda, although those of the latter preponderate. 
Phylogenetically it must be considered as the central 
link of a chain which begins, with the Annulata and ends 
with the Insects. The Annelid characters of Peripatus 
are: the segmental nephridia, the segmental coxal glands, 
(setal glands of Chzetopoda), and the cutaneous muscu- 
lar envelope; the Arthropodal characters are: the tra- 
chez, the dorsal vessel and the lacunar system of circu- 
lation, the transformation of appendages into mouth 
parts (jaws), and the specific form of the salivary glands. 

Antennata. ‘The body of the IZyriopoda consists of the 
head anda large number of equally developed trunk 
segments, the three anterior of which correspond to the 
three thoracic segments of the Hexapoda. The head is 


208 ARTHROPODA. 


the result of a fusion of at least four segments. The 
typical Antennate form Symphyla consists of twelve dis- 
tinct segments with ambulatory appendages and of an 
anal segment with two processes called spinning styles. 
The two preanal apparatuses of touch may indicate the 
transformed feet of a thirteenth segment, so that the 
whole number of segments corresponds to the original 
number of the hexapodal segments. In the Pauropoda 
there are only ten trunk segments, whilst in the Chilo- 
poda and Diplopoda there are many more (secondarily 
acquired). The body of the Hexapoda is divided into 
three distinct regions ; the unsegmented head (originally 
four segments), the ¢hovax, consisting of prothorax, meso- 
thorax and metathorax and the abdomen with ten or eleven 
segments ; the winged insects have generally less than 
ten, owing to the fusion of either the penultimate or the 
first abdominal segments. In Macrolepidoptera, Diptera 
and Rhynchota the third thoracic segment approaches 
more closely the abdomen. The appendages of the in- 
sects consist of a single series of joints. We distinguish 
between the appendages of the head and those of the 
trunk. In the trunk only the threé pairs of thoracic 
appendages are retained (rudiments of abdominal append- 
ages occur) The appendages of the head are typically 
composed of four pair: antennae, mandibles, anterior and 
postertor maxilla. ‘There is only one pair of preoral 
frontal antennze present, which vary greatly in form 
(in different sexes), and perform the functions of organs of 
touch and smell. 

The mouth appendages vary greatly according to their 
functions, but they can all be traced back to the mandi- 
bles, and the maxille. The upper lip or labrum is a 
single piece and has nothing to do with the appendages, 
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the mandibles (upper jaw) consist each of a strong but 
unsegmented masticatory plate with toothed margin. The 
anterior maxille (lower jaw) consist each of a two-jomted 
basal part with five jointed palpus and two unsegmented 
jaws (mala externa and interna). The posterior maxilla 
form together the /adzwm or underlip; each one consists 
of a basal joint, a three-jointed palpus, and an external 
and internal jaw; the basal joints have fused behind and 
beneath the mouth. ‘There are numerous modifications 
which are indicated in the classification. The append- 
ages of the trunk assume manifold forms according to 
the various functions of walking, jumping, swimming, 
preying, etc. (Details in the classification.) Wings are 
entirely wanting in the Myriopoda. The wingless con- 
dition of the Apterygota is typical as in the Myriopoda 
and Protracheata. Two pairs of wings represent the 
typical condition of the Pterygota, which may all be 
derived from a common ancestral winged group. The 
wings are appendages of the meso- and meta-thorax, 
being thin, lamellous, unsegmented reduplicatures of 
the body wall, especially of the integument. They 
are venate, and provided with nerves, branched trachez 
and blood canals. The arrangement of these veins is 
of great importance for phylogeny and classification. 
The explanation of the origin of the wings is still 
a matter of conjecture. The zxtegument and muscular 
structure are in the main the same as in the Crustacea. 
To be mentioned are especially the variation of integ- 
umental glands and the muscles of flight in the thorax. 
The alimentary canal of the Myriopoda and Apterygota 
extends as a straight tube through the body; in the 
winged insects it is more or less coiled. It consists in 
all cases of the distinct foregut (from the ectodermal 
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stomodzeum), the entodermal midgut and the hindgut 
(from the ectodermal proctodzeum). Especially charac- 
teristic for most of the insects are the thread- or tube- 
shaped diverticula of the hindgut, which perform func- 
tions of excretion, and are known as the Malpighian 
vessels. Their large epithelial cells (with branched 
nuclei) contain urinary concretions. Sometimes they 
only consist of a few rows of cells. Their number is in- 
definite. The nervous system is essentially the same as 
that of the Crustacea, also the same modifications occur 
within different orders. Ocelli and compound eyes occur 
either together or separate. The ocelli of the Myriopoda 
are generally situated on the dorsal side of the head; 
the larvee of the Hexapoda possess only ocelli, the adults 
show generally ocelli between the facetted eye. (See 
classification.) The structure of the compound eye is 
essentially the same as that of the Crustaceaneye. ‘They 
are divided into eucone and acone eyes (see pages 57-59). 
The structure of the ocelli of the Dytiscus larve and 
other insects and Myriopoda is worthy of special notice. 
It consists of a chitinous lens, beneath a hypodermal 
papilla whose basal cells form the retina; each retinal 
cell is connected with a nerve fibre, containing pigment 
and continuing externally into a rod; the cells along the 
margin of the papilla are free from pigment and form 
a glasslike body between retina and lens. On audztory 
organs see page 54. On the organs of smell, page 52. 
The system of blood circulation is very simple in the An- 
tennata. The contractile dorsal vessel (heart) is divided into 
successive segmental chambers (eight or nine) provided 
with valves which prevent the return of the blood from 
the anterior to the posterior chambers. Intersegmental 
paired ostia form an open communication between the 
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body cavity and the interior of the heart. Triangular 
wing muscles (constant) are fastened with their broad 
end to the heart chambers, and constitute an incomplete 
horizontal partition wall, above the alimentary canal, 
thus aiding in the formation of a pericardial sinus. ‘The 
heart is posteriorly blind, but continues anteriorly into an 
aorta which empties the blood into the lacunz of the 
body. Sometimes a ventral sinus is present, in which the 
flow of the blood is the reverse (also a heart nerve). 
A mass of large fat globules constitute the so-called fat 
body, which represents the nutritive reserve fund in meta- 
morphosis and reproduction. The luminous organ of 
certain beetles is a differentiation of the fat body under- 
going oxydation. 

The organs of respiration are air-tubes or trachee, either 
opening to the outside by paired, strictly segmental, ex- 
ternal apertures (stigmata) or anastomosing throughout 
the whole body and its appendages. The structure of 
the trachee is everywhere essentially the same; it is in- 
ternally lined by a chitinous intima (a continuation of the 
external chitinous integument) which ends ina spiral 
thread to keep the air-tube open. Anexternal cell layer, 
which secretes the intima, isacontinuation of the exter- 
nal hypodermis. ‘The modifications of the stigmata are 
manifold, adapted to the requirements for protection. 
The number of tracheze was originally the same as that 
of the segments, but reduction has greatly changed this 
condition. Respiration is brought about by the contrac- 
tion and expansion of theabdomen. Tvacheal gills occur 
in the aquatic larve of the insects. They are either ex- 
ternal (Odonata), consisting of three foliaceous gills on 

,the last abdominal segment or they are internal (Libellula, 
Zéschna), representing folds of the rectum. Other larval 
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gills are of various form and position. All these larvee 
are apneustic. The gills disappear with the larval stage, 
except in the Perlide, A’schnide, Sialidee, Lepidoptera, 
and Coleoptera. | 

Special sounds are reproduced by certain insects, 
either by rapid movements of the wings, or of foliaceous 
tracheal appendages (Hymenoptera, Diptera), or by the 
friction of uneven parts of the integument (Acridiide, 
Gryllide), or by special drum apparatuses in the first 
abdominal segment (Cicadz). . 

All Antennata are of separate sex. The sexual organs 
are essentially the same as those of the Crustacea. In 
-Peripatus the larger portion of the ducts is of ectodermal, 
in the Antennata of mesodermal origin. Exclusively 
paired sexual organs occur, however, only in the Ephe- 
meridz; in all other Antennata, fusions take place in 
various ways. The germ glands unite in the Myrio- 
poda and Diplopoda; unpaired terminal portions arise in 
all Antennata, except in the Ephemeride and Diplopoda. 
Accessory sexual apparatus occur either as evaginations 
“of the ductus ejaculatorius or of the paired vasa defer- 
entia, when they become (unpaired or paired) vesicula 
seminalis; accessory glands may secrete spermatophores. 
The terminal apparatus is often a protrusible penis; in 
the female it constitutes the bursa copulativa and the 
receptaculum seminis. They frequently open near the 
anus in acommon cloaca. Special modifications of the 
last abdominal segments become parts of the sexual ap- 
paratus as ovipositors, stylets, etc. In most Diplopoda 
the legs of the seventh abdominal segment assume 
copulatory functions. 

Sexual dimorphism manifests itself in broad diffekeheds 
of male and female forms. The females of the Coccide, 
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and Lampyride, of Psyche and Orgyia are without 
wings. The females of the parasitic Strepsiptera are 
viviparous, but remain maggot-like in the abdomen of 
their hosts. Polymorphism occurs in insects which form 
communities (bees, ants, white ants). 

Ontogeny of the Antennata. ‘The embryonic develop- 
ment of the Insects takes place within the egg. The 
organism which leaves the egg possesses the typical 
structure of an Insect, namely a segmented body, an- 
tennze, mouth-apparatus, thoracic appendages, developed 
nervous, digestive and trachzeal systems, the dorsal vessel, 
the muscular structure, etc. It moves and feeds freely. 
It is called a /arva. ‘The larvee of the Insects are, there- 
fore,much more highly developed than those of most other 
invertebrate animals. The factors which condition the 
numerous changes which an insect larva undergoes before 
it reaches the adult stage (cmago) are principally the 
degree of deviation from the original insect form and the 
difference in the habitat of larvee and imagines. Where 
development takes place without metamorphosis (ametabol- 
ism of Apterygota) there is no difference between larva 
and tmago, except that the sexual organs are not fully 
matured in the young animal. In cases of gradual meta- 
_ morphosis the larva gradually develops wings by numer- 
ous molts of the integument (Orthoptera, Corrodentia, 
Thysanoptera, most Rhynchota). The larve of the 
Cicada live in the earth, their imagines upon trees and 
bushes. In the transition a transformation of the an- 
terior legs takes place which necessitates an intermediate 
stage, the pupa, so that we have a gvadual metamorphosis 
with pupa stage. The larve of the Ephemeridez, Odonata 
and Plecoptera live in water, their imagines on land; 
during the transition the tracheal gills mostly disappear 
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and a holopneustic system of trachez arises very gradu- 
ally; here zucomplete metamorphosis (hemimetabolism) 
takes place. In all these cases the larve appear at first 
without wings; in some species of the Plerygota wings 
are never developed (reduction or acquired ametabolism). 
All other Insects undergo complete metamorphosis (holo- 
metabolism). The larvee do not change at all, but pass 
over into the pupa stage, which is mostly quiescent. The 
pupze are very differently formed, often distinctly seg- 
mented with closely packed appendages and rudimentary 
wings, often with concealed appendages. When they — 
are unable to procure food they are protected by special : 
envelopes (e. g., cocoons). At the end of the pupa stage 
the envelope opens and the imago escapes. Complete 
metamorphosis arose from incomplete metamorphosis 
through the suppression of the frequent molts of the 
integument. These larvee are divided into two groups, 
those with feet (Neuroptera, Lepidoptera, Coleoptera, 
Trichoptera), and those wzthout feet (apodal maggot-like 
Diptera, most Hymenoptera and Siphonaptera). The 
mode of living of these larvee varies greatly; they are 
originally all peripneustic, but become by adapt#tion 
amphipneustic, metapneustic, and even apneustic, devel- 
oping gills. Their mouth apparatuses may also be very 
different from those of the imago (Lepidoptera). A great 
many modifications of the normal conditions occur (Apis, 
Sitaris, Pteromalide). Jnternal metamorphosis manifests 
itself in the gradual development of the imago organs 
from corresponding larval organs, which gradually dis- 
integrate and disappear (function of phagocyte) The 
embryonic development of the Insects (p. 40) differs from 
that of the Myriopoda in the formation of the amunzon 
(internal) and the sevosa envelope, an epithelial mem- 
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brane surrounding the whole egg. Both, however, have 
no part in the upbuilding of the embryo. The Myriopoda 
undergo a partial metamorphosis, inasmuch as the pos- 
terior segments in some larval forms (Scutigeridz, Litho- 
biidze, Chilopoda) increase until the required number of 
the respective imago is reached; the body differentiates 
from the anterior towards the posterior end (not observed 
in the Insects). , 

The peculiar cases of parthenogenesis in certain Lepi- 
doptera and others, of heferogeny in the Aphides and 
Chermes abietes, and of pedogenesis in Cecidomyi ia, de- 
serve special mention. 

Phylogenetically the Insecta and ib tiopbas are closely 
related, the Symphyla and Thysaneura forming the 
transition groups from the latter to the former, whilst 
the Myriopoda exhibit a close resemblance to Peripatus, 
so that Onychophora, Myriopoda and Insecta represent a 
phylogenetic series, which in Peripatus joins the hypo- 
thetic ancestral type of the Arthropoda (Protostraca) and 
through that the Annulata. 

Arachnotdea.- ‘The first seven (?) anterior segments 
unite into a cepalo-thorax (mostly unsegmented). 

The abdomen generally consists of a variable number 
of separate or fused segments, but it may itself fuse with 
the cephalo-thorax (Acarina, Linguatulice) into one 
uniform structure. Thus a gradual concentration of the 
whole body is observed in the Arachnoidea. ‘The Scor- 
pionide and Solpugide, representing the transition 
groups, possess the largest number of segments. The 
cephalo-thorax of the latter is divided into an anterior, 
unsegmented region, the head (resembling the Anten- 
nata), and into a posterior region, the thorax, consisting 
of three segments (as in the Antennata); this is followed 
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by the abdomen with ten segments. The cephalo-thorax 
of the Scorpionide is only segmented (seven) in the em- 
bryo. (See classification.) The Arachnoidea are typi- 
cally provided with six pairs of appendages which 
belong exclusively to the cephalo-thorax. ‘The abdo- 
men is always without appendages. ‘The first pair of 
appendages, the Chelicexse (mandibles, maxillary an- 
tennz, chelate antennz), is situated above and before 
the mouth. They are either three or two-jointed. 
They are chelate when the claw-like terminal joint 
can be moved against a process of the preceding joint © 
(Scorpions, many Acarina), or sub-chelate when the 
last joint is folded down upon the next like the blade 
of a pocket-knife (Spiders). The second pair of ap- 
pendages, the pedipalpi or maxille are situated on 
both sides of the mouth, and mostly perform the func- 
tion of jaws. They consist of a stout basal-joint and a 
segmented palp, which may serve as organ of touch or 
acquire the form and segmentation of aleg. This either 
ends with or without a claw, or with a chela, and per- 
forms functions of prehension, or locomotion or copula- 
tion (see classification). The other four pairs of append- 
ages aremostly of similar structure (six-jointed),and serve 
as organs of locomotion (third and fourth pair modified 
- in Scorpions, so the third in Pedipalpi). 

The zervous system corresponds to the segmentation of 
the body, tending towards concentration. The d7azz is 
connected with the ventral cord by a short cesophageal 
commissure and innervates the chelicerzee (different in — 
Phalangide and Gamasidz) and theeyes. Its ontogeny 
shows that it has fused with the first postoral ganglion - 
pair of the embryo, which would indicate that the cheli- 
cerze are homologous with the mandibles of the Anten- 
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neta. The ganglia of the cephalo-thorax fuse together 
with a number of abdominal ganglia into a large thoracic 
ganglion mass, which sends nerves to the other five pairs 
of appendages and to the anterior abdominal segments ; 
the number of abdominal ganglia varies. The whole 
central nervous system of the dipneumonous Araneidea 
and of the Acarina is represented by one single fused 
nerve mass, perforated by the cesophagus and sending 


out radiating nerves. Most Arachnoidea possess eyes 


which are uniconical and of the same structure as the 
ocelli of the Antenneta. They are sessile, their number 
varying from two to twelve, symmetrically arranged 
upon the upper side of the cephalo-thorax. The struc- 
ture of the median eyes of Scorpionide corresponds to the 
ocellus in the possession of a singular cuticular corneal 
lens and to the facetted eye, inasmuch as its retina-cells 
are arranged in groups, as so-called retinule. 

There are numerous glands opening on the external 
integument of the Arachnoidea. The spinning glands of 
the Araneidea open by spinning mammille (rudimentary 
abdominal appendages); preceding them is the so called 
cribrellum, a paired glandular region with numerous 
openings. There are also similar glands in other ap- 
pendages of the body (coxal glands, spinning glands, 
protrusible vesicles and the poison glands of the Aranei- 
dea). A great many cuticular glands (so the poison 
gland of the Scorpion) occur in almost all Arachnoidea. 
The alimentary canal consists of foregut (pharynx and 
cesophagus, the latter widening into the sucking stomach 
of the Araneidea), large midgut with blind diverticula 
(chylus stomach) and short hindgut into which tubular 
organs, of excretion open, corresponding to the Malpighian 


tubes of the Antennata. The blood-vascular system re- 
K 
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sembles that of the Antennata (highest in Scorpionidea 
and Araneidea). The east varies from the large, many- 
chambered dorsal vessel to the one-chambered heart sac 
of some mites. A pericardium is only rarely present. 
The most constant part is the aorta cephalica, a remnant 
of an original anterior part of the dorsal vessel. The 
heart of all Arachnoidea is situated in the abdomen. 
The organs of respiration are trachee whose external 
openings or stigmata (1-4 pairs) are almost exclusively 
situated on the anterior ventral part of the abdomen. 
They are ‘ubular trachee (corresponding to those of the 
Antennata) or fan trachee, generally called lungs, lung- 
trachez, lung sacs or foliaceous trachez (belonging ex- 
“clusively to the Arachnoidea). Three modifications of 
the tubular tracheze occur. ‘The chief branch proceding 
from the stigma may divide into many branches (Solpu- 
gide, Cyphophthalmide, Phalangidz, Pseudoscorpion-. 
dz, Gamaside, Ixodes), or only in two (Araneidea, 
Acarinzes), or it may be wanting altogether, the tracheal 
tubes proceeding directly from the stigma (Chernes 
_cimicoides). The faz trachee consist of hollow lamelle 
placed upon one another in great number like the leaves 
of a book, and connected together by trabecul so as to 
have the form of asac. They are always kept open by 
a firm internal chitinous membrane, so that the air can 
enter by the stigmata at the beginning of the abdomen 
and be distributed to the finest ramifications. 

All Arachnoidea are of separate sexes. ‘The structure 
of the sexual organs varies greatly. The male organs 
consist of paired testicular tubes, and the vasa deferentia 
often receive the contents of accessory glands before 
opening to the exterior by a single or double aperture at 
the base of the abdomen.- Special copulatory organs in 
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the region of the genital openings are, as a rule, want- 
ing, but appendages, far removed from the genital open- 
ings, often serve to transfer the sperm from the male to 
the female. ‘The female sexual organs are also paired, 
generally racemose glands, with two oviducts, which 
usually dilate into a receptaculum seminis before their 
single or double opening at the beginning of the abdo- 
men. ‘They are also connected with accessory glands; a 
protrusible ovipositor is rarely present. Only a few of 
the Arachnoidea are viviparous (Scorpions and some 
Mites); the greater number lay eggs which they some- 
times carry with them till they are hatched. The em- 
bryonic development exhibits a much more numerous 
metameric segmentation than we find in the adult ani- 
mal. The serosa and amnion membranes have only been 
observed in the Scorpions. The newly-hatched young 
have the form of theadult. Only in the Pseudoscorpion- 
idz and the Acarina a post-embryonic metamorphosis 
occurs (very complicated in Pygnogonida, Pentastomida 
and Hydrachnea—water mites). 

It is highly probable that the Arachnoidea arose 
together with the Palzostraca from lower ancestral forms, 
but afterwards branched off, while the other Tracheata 
belong to another stem which is connected with that of 
the Arachnoidea at the base. 
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MOLLUSCA. 


Originally bilaterally symmetrical animals with un- 
segmented body. The dermal muscular structure of the 
lower, i. e., ventral surface, is greatly developed, and 
gives rise to a more or less projecting locomotory organ 
of very various shape, the foot. A reduplicature of the 
body wall forms a circular fold, the mantle which hangs 
over the mantle cavity. This cavity is originally most 
spacious at the posterior end, where it contains the two 
gills, symmetrically grouped on both sides of the median 
anus, the two nephridial openings and the sexual aper- 
tures. The dorsal portion usually develops into a visceral 
sac and is protected by a shell which extends tothe edge 
of the mantle. The mouth is situated in the anterior 
region of the body and leads into a pharynx mostly 
provided with jaws and a hard chitinous plate, the 
radula. The midgut contains a voluminous digestive 
gland (liver.) The secondary body cavity is reduced, 
but always constitutes the pericardium. ‘The blood- 
vascular system is open, largely lacunar; the heart 
dorsal, originally with two symmetrical auricles, arterial. 
Nephridia originally paired, in open communication with 
the pericardium. The central nervous system consists 
of the paired cerebral, pleural, pedal and visceral ganglia. 
Of separate sexes or hermaphrodites. Gonads mostly 
unpaired, with paired or unpaired ducts. A modified 
trochophora arises from the gastrula, the characteristic 
Molluscan veliger larva. 
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This short general characteristic has to. be modified 
for each class. Shell, mantle, gills, foot and oral arma- 
ture may disappear, and a displacement of the mantle 
organs may produce a far-reaching symmetry. 

I Crass: Amphineura. Bilaterally symmmetrical 
Molluscs. The nervous system usually consists of two 
lateral and two ventral cords, connected by numerous 
commissures and supplied with ganglion cells; they join 
anteriorly the cerebral ganglion. Special sensory organs 
reduced. Marine. 

1. Order: Placophora sive Chitonide. Kight calcareous 
plates, arranged successively like the tiles of a roof, cover 
the dorsal side. Separate cephalic region with mouth. 
Numerous gillson either side, in the furrow between the 
foot and the mantle zone. Foot (except in Chitonellus) 
strongly developed, with large, flat sole, adapted for 
crawling or clasping. Paired genital ducts and paired 
nephridia. Of separate sexes. Heart with two auricles. 
Radula (34-1), (241); (tr 144), 4142), (3). 4 Ge 
Chitonellus. 

2. Order: Aplacophora sive Solenogastres. Body almost 
cylindrical, usually worm-shaped. No shells. Calcareous 
spicules are embedded in the dense cuticula. Foot rudi- 
mentary. Mantle cavity reduced to a furrow on both 
sides of the rudimentary, septate foot, and a cavity 
(cloaca) at the posterior end, into which alimentary canal - 
and nephridia open and where the rudimentary gills are 
situated, whenever such are present. ‘he nephridia 
serve as genital ducts. 

1. Family: Meomentide. Foot a longitudinal septum 
arising at the bottom of a medio-ventral longitudinal 
furrow. Hermaphrodites. Proneomenia. Neomenta. Lep- 
tdomenta. Dondersia, 2. Family: Chetodermida. Foot 
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and foot-furrow entirely reduced; sexes separate. Cheto- 
derme. 

II CLass: Gasteropoda(Cephalophora). Snails. Body 
asymmetrical. Head, bearing tentacles and eyes, usually 
distinct from the body. Foot well developed, in most 
cases adapted for crawling. The large visceral sac tapers 
gradually and is usually spirally twisted (may disappear 
secondarily); it is covered by a single shell (case) into 
which the animal can withdraw. Wherever a secondary 
reduction of the visceral cavity takes place the shell may 
become rudimentary or disappear altogether (rarely in 
the Prosobranchia). Mantle-complexus upon the right 
(rarely left) side or moved (along this side) towards the 
anterior end. Visceral sac and shell spirally twisted. 
Asymmetry manifests itself in all groups (except the 
lowest Prosobranchia) in the disappearance of one gill, 
of one nephridial organ and of one auricle. 

1. Order: Prosobranchia. Pleuro-visceral connective 
cross-striped. Mantle-complexus at the anterior region 
of the visceral sac. On most forms only one gill before 
the heart. Auricle before the ventricle. Animals of 
separate sexes, largely marine. Foot usually with oper- 
culum (cover) to close the shell. Only 7ztscania with- 
out shell. 

1. Suborder: Diotocardia. Heart with two auricles 
(excl. Docoglossa). Two nephridial organs. Two gan- 
glionic longitudinal nerve cords in the foot, connected | 
by numerous transverse commissures. Gills of pectinate 
form (double row) apex projecting freely. Epipodium 
well developed ; acircle of tentacles, varying in number, 
around the base. Without proboscis, penis and sipho. 

a. Zeugobranchia(Rhipidoglossa. Aspidobranchia). Two 
gills, both auricles well developed. Heart perforated by 
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the rectum. Shell with marginal slit, or with apical 
aperture, or perforated by a row of holes. Usually with- - 
out operculum. Marine. Family: Haliotide, radula o 
I. (5. I. 5.) 1.0. #tssurelide: Féssurella, tad, as. 
(4. I. 4.) 1. «©, with secondarily symmetrical shell. 
_ Emarginula. Scutum (Parmophorus.) Pleurotomaride : 
Pleurotomaria. Scissurella. hiss Bellerophontida, 
fossil. 

b. Azygobranchia. One gill, the left of the Zeugobran- 
chia. Right auricle a blind diverticulum. Heart perforated 
by therectum. Family: 7uvbonide, rad. © o. (5. 1. 5.) 0. 
0. Trochide. Stomatiide. Neritopside, rad. © 1. (2. 0.2.) 
tT, ©, marine. Werttide, tad. © 1. (3. 2.30) eee 
marine, are capable of living out of water along the coast. 
Neriting, fresh water forms. AHydrocenide, rad. © 1. 
(i. 1. 4.) 4. 0, and Aekcinile, © 1. 4. 2. ae 
are both without gills, and possess a lung similar to that 
of Pulmonata. The Helicinide are terrestrial. 

c. Docoglossa. WHeart with one auricle, not perforated 
by the rectum. Left nephridial organ moved to the right 
of the pericardium. Visceral sac and shell secondarily 
symmetrical, the latter usually cup-shaped. Operculum 
wanting. Marine. 

1. Left true gill (Cténidium) present. Agama 
rad. 1. 2. (1. 0. 1.) 2. 1, with numerous accessory gills — 
in the mantle furrow: Scuvzza, without such gills: 
Acmea (Tectura). 

2. True gills (Ctenidia) wanting altogether, acces- 
sory gills present in large numbers in the mantle furrow. 
Family: Latellidg, rad. 3. 1.2.0. 2.) 1. 3. 3. Withowt 
ctenidia and accessory gills. Lepetidz, rad. 2. 0. 1. oO. 2. 

2. Suborder: JM€Jonotocardia (Pectinibranchia.) Heart 
with one auricle. One single true gill, of pectinate 
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form (single row), its apex not freely projecting (exc. 
Valvata). Usually pedal ganglia, rarely pedal cords. 
One nephridial organ.  Sipho and penis present in mest 
cases. Epipodium feebly developed or wanting. Largely 
marine snails of very variable shape. 

a. Architenioglossa. Pedal cords. In Cypreea (and 
other forms) a rudiment of the right auricle still present. 
Family: Cypreide, rad. 3. 1. 1. 1. 3. Faludinide (fresh 
water). Cyclophoride (terrestrial, with lungs). 

b. Tenioglossa. Typical radula 2.1.1.1. 2. Semz- 
proboscidifera: Families: Naticide. Lamellaridz. Ros- 
trifera: Families: Valvatidee (fresh water). Ampullaridze 
(fresh water). Littorinidz. Cyclostomidee (terrestrial). 
Planaxide. Hydrobiide (fresh water). Aciculidz (ter- 
restrial). Truncatellidz (partly terrestrial). Hyppo- 
nycide. Capulide. Calyptreide. Pseudomelanide. 
Melanide. Cerithiide. Vermetide. Turritellide. 
Xenophoride. Struthiolaride. Chenopide. Strom- 
bidze. Proboscidifera holostomata. . Families: Scalaride, 
rad. n, O, n. Solaride, rad. n, O, n. Pyramidellide, 
rad. O. Eulimide, rad. O. Proboscifera siphonostomata. 
Families: Colombellinide. Tritoniidz. Cassidiide. 
Doliide. J/anthinide, rad. n, O, n. Heteropoda, (pel- 
agic Tzenioglossa with fin-like foot (perpendicular). 
Families: Atlantide. Pterotracheide.' . 

c. Stenoglossa. Normal rad. 1. 1. 1. Rachiglossa. 
Families: Turbinellide. Fuside. Mitride. Buccinide. 
Muricide. Purpuride. Haliadeze. Cancellaride. Vol- 
utide. Olivide. Marginellide. Harpide. Toxzglossa. 
Families: Pleurotomidze. Terebride. Conide. 

2. Order: Pulmonata (Lung-snails). Pleuro-visceral 
connective, not cruciform. Gill displaced by a respiratory 


vascular network on the interior surface of the mantle 
K* 
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(ung). Pallial complexus originally on the anterior 
right side of the visceral sac. Margin of the mantle fused 
with the cervical integument, leaving only a respiratory 
aperture on the right side. Visceral sac and shell fre- 
quently rudimentary in terrestrial forms (night snails). 
Operculum usually wanting. Heart with one auricle, 
generally in front of the ventricle. Hermaphrodites 
with hermaphroditic gland and complicated eductory 
apparatus. Terrestrial and fresh water animals. 

1. Suborder: Basommatophora (fresh-water forms). 
Hyes at the base of the ocular tentacles (not invaginable). 
Sexual apertures separate on the right anterior region, 
malein front of female. Family: Limnezde. Limnea. 
Amphipeplea. Physa. Planorbis. Ancylus. <Awuricu- 
lid@. 

2. Suborder: Stylommatophora. Eyes at the apex of 
the ocular tentacles. ‘Tentacles invaginable. 

a Monogonopora. With a single sexual aperture 
(to the right). Family: /elicde. Helix. Agia 
Bulimus. Zestacellide: Daudébardia. Testacella. Lzma- 
cide: Ariophanta. Limax. Vitrina. Zonites. Hele 
carion. Bulimulide. Pupide. Buliminus. Pupa. 
Clausilia. Succineide. 

b Digonopora. Nocturnal snails with separate male 
and female sexual apertures. Both on the right side, male 
at the anterior, female at the posterior end. Palleal 
complexus at the posterior region, lung-cavity reduced. 
Families: Vaginulide (terrestrial). Oncidiidee (marine 
or amphibious), respiration partly through respiratory 
dorsal appendages. 

3. Order: Ophistobranchiata. Pleuro-visceral connec- 
tion not cruciform. One auricle behind the ventricle. 
Hermaphrodites. Shell present or (more frequently) 
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wanting. Operculum usually wanting. Respiration by 
genuine ctenidia or adaptive gills or by the integument. 
Visceral sac very often reduced. Hermaphrodites with 
hermaphroditic gland. Marine. 

1. Suborder: 7Zecttbvanchiata. Pallial complexus on 
the right side, more or less covered by the mantle fold. 
Always one gill (originally the left) present, only in- 
completely covered by the mantle. Visceral sac tending 
to reduction. Shell always present, tending to become 
rudimentary. Usually with parapodia and mantle lobes 
covering the shell. 

I. Reptantia: (a) Cephalaspidea, with frontal disc. 
Families: Actgonide (with operculum). Scaphandride. 
Bullide: Bulla. Acera. Gasteropteride. fPhilinide. 
Doridiide. (b) Anaspidea. WHead without frontal disc. 
Four lobe-like or auricular tentacles. Family: Aplyszz- 
de. Aplysia. Dolabella. Notarchus. (c) Wofaspidea. 
Head short, with or without tentacles. Dorsal region 
forms a large disc (notzeum) upon which a shell may lie. 
Families: Pleuvobranchide: Pleurobranchus. Pleurobran- 
chea. Oscanius. Umbrellide: Umbrella. Tylodina. 
Peltide. 

II. Natantia sive Pteropoda (fin-snails). This group 
constituted formerly a special class of Mollusca, but is 
now classified as Tetrabranchiata, adapted to the free 
swimming pelagic mode of life. The parapodia of the 
Tectibranchia are developed into fins or wing-shaped 
swimming organs. (a) Ptesopoda thecosomata. Shelled 
fin-snails. More closely related to the Cephalaspidea. 
Mantle, mantle-cavity, shell present. Head not distinct. 
Only one pair of tentacles. Fins fused along their an- 
terior margin above the mouth. Anus on the left side. 
Families: Lzmacinide. External calcareous shell twisted 
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to the left with a spiral operculum. Anus on the right 
side. Limacina. Peraclis. Family: Cavolintide. Ex- 
ternal calcareous shell symmetrical. Clio. Cavolinia. 
Family: Cymbuliide. Internal cartilaginous shell. Cym- 
bulia. Cymbuliopsis. Gleba. The Thecosomata feed. 
largely on small Protozoa and Alge. (b) Pteropoda 
gymnosomata. Naked fin-snails. ‘They are more closely 
related to the Anaspidea. Without mantle, mantle 
cavity andshell. Head distinct. T'wo pairs of tentacles. 
Fins separate. Anus on theright side. Family: Pueu- 
modermatide. Ctenidium on the right side. Dexio- 
branchea. Spongiobranchea. Pneumoderma. In the 
two last genera an additional adaptive posterior-gill. 
Families: Clonopside and Nolobrancheide. No Cteni- 
dium. An adaptive posterior gill. Family: Clionzde. | 
Neither ctenidium nor adaptive gills present. All Gym- 
nosomataare predatory, feeding largely on Thecosomata. 

2. Suborder: Ascoglosea. The used up teeth of the 
long and narrow radula (consisting of a single row of 
plates) preserved in a pouch at the anterior end of the 
radula. Nojaws. Anus almost always dorsal. Cten- 
idium, mantle and mantle cavity absent (except in Steg- 
anobranchia). 

1. Section: Steganobranchia. With mantle on the 
right side, mantle cavity, ctenidium, shell and parapo- 
dia. Family: Oxynoidee: Oxynoe. Lobiger. 

2. Section: Czrrobranchia. Along the sides of the 
dorsal region foliacious or club-shaped processes. Fam- 
ilies: Hermaeide. Phyllobranchide. 

3. Section: Pterobranchia. Vateral parts of the body 
drawn out intolobes. ‘The branches of the midgut gland 
(liver) extend into these lobes. Families: Llysiade. 
Placobranchide. 
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4. Section: Abranchia. Neither ctenidium, nor dorsal 
appendages, nor foliacious lateral extensions of the body. 
Integumental respiration.. Body almost planaria-like. 
Family: Limapontide. 

3. Suborder: MWudibranchia. Without mantle fold, 
shell and ctenidium. Jaws usually present. Radula 
mostly well developed, with teeth which may disappear, 
Adaptive gills very variably developed, sometimes O. 

1. Section: Holohepatica. A large compact (un- 
branched) digestive gland (liver.) Numerous gill lam- 
elle in a furrow around the body. Without jaw and © 
radula. Pharynx transformed into a suctorial apparatus. 
Cells form a rosette around the dorsal anus. Doridide 
cryptobranchiatg. With gill-rosette around the dorsal 
anus, retractable into a cavity. Bathydoris. Archi- 
doris. Discodoris. Dianlula. Kentrodoris. Platy- 
doris. Chromodoris, ete. Doridide phanerobranchiate. 
Gill-rosette not retractable. Goniodoris. Polycera. 
Acanthodoris. Atalia. Ancula. Euplocamus. Tri- 
opa, etc. 

2. Section: Cladohepatica. Liver entirely or partly 
dissolved into branched, separate canals, extending far 
into the body. Dorsal appendages of various form 
usually with respiratory functions. Anus usually on 
the right side. Families: olzdiad@: AKolidea. Berghia. 
Tergipes. Galvina. Coryptella. Rizzolia. Facellina. 
Flabellina. Fiona. Glaucus. Janus. Hero. Tethy- 
melibide, without radula: Tethys. Melibe. Lomano- 
tide. Dotonide. Dendronotide. Bornellide. Scylle- 
id@. Phyllirhoide. Pelagic free swimming animals, 
with narrow laterally compressed body, without foot and 
without respiratory appendages. Pleurophyllidiide, nu- 
merous gill lamelle arranged in a longitudinal row ina 
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furrow on either side between dorsal shield and foot. 
Pleuroleuride. Tritoniade. 'Tritonia. Marionia. 

III Cyiass: Scaphopoda. Body symmetrical, length- 
ened in a dorso-ventral direction. Mantle a tubiform 
sac with a more narrow, dorsal, and a wider ventral 
opening. Mantle cavity extending at the posterior 
region as far as the apical aperture. Shell high, shaped 
like a conical tube, with a smaller apical and a larger 
ventral opening. Ctenidia wanting. Nephridia paired. 
Blood-vascular system (independent) reduced to one 
ventricle without auricles. Sexes separate. Special 
genital ducts wanting. ‘The right nephridium performs 
their function. Mouth at the end of a head-like buccal 
prolongation, and surrounded by a circle of foliaceous 
appendages. At the base of the head-like prolongation, 
numerous filamentous appendages arise which are pro- 
trusible through the lower opening of the shell and the 
mantle. Foot stretched, prolonged ventrally. Radula 
present. Limicolous marine forms. Dentalium. Foot 
comparatively short, at the end almost acorn-shaped, 
with a conical middle and two lateral lobes. Szphono- 
dentalium. Foot worm-like, lengthened, at the end wid- 
ening into a disc, with papille along its margin. 

IV CLass: Lamellibranchia (Pelecypoda, Bivalva, 
Acephala, Aglossa). Body symmetrical, transversely, 
more or less flattened, with two large, lateral, mantle 
lobes covering a spacious mantle cavity, within which 
the hatchet- or club-shaped foot may be withdrawn. Two 
lateral valves, only connected at the dorsal hinge margin. 
Hither with two transverse adductory muscles (Dimyaria), 
or with only one (anterior one reduced, Monomyaria). 
On either side of the mantle cavity a ctenidium. With- 
out pharynx, jaw, radula, and tentacles—no separate 
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cephalic region. Nephridia paired; genital organs 
paired, open by separate apertures or by means of nephri- 
dia. Heart with two auricles. On either side of the 
mouth a pair of labial palpi. Hermaphrodites or of sep- 
arate sexes. Marineand fresh water forms. Limicolous 
or sessile. 

1. Order: Protobranchia. Gillin the posterior part of 
the mantle cavity, bipectinate, corresponding to the 
ctenidium of the Zeugobranchia, projecting with its 
free apex posteriorly into the mantlecavity. Foot adapted 
for crawling. Pleural ganglion distinct from cerebal 
ganglion. Family: Muculide: Nucula. Ledia. Yoldia. 
Solenomyide. 

2. Order: Filibvanchia. ‘The gill leaves of the cteni- 
dium lengthened into long filaments, which hang down 
far into the mantle cavity and consist of two bars, a basal 
descending and a terminal ascending one. Family: 
Anomiidg. Mantle open without siphons: Monomyaria. 
Foot small. Body and shell asymmetrical. Sessile 
mussels. Gill threads entirely free. Anomia. Placuna. 
Family: Avcide. Gill filaments of each series connected 
by ciliary discs. Dimyaria. No siphons. lLarge foot. 
Arca. Pectunculus. Family.: Zvigonitde. Gills the 
‘same as in the Arcide. Dimyaria. Nosiphons. Trig- 
onia. Family: A/ytilide (except Aviculide). Gill fila- 
ments connected by non-vascular sutures. Anterior 
adductory muscle smaller than the posterior one. (Het- 
eromyaria). Siphons present. Foot stretched. Mytilus. 
Modiola. Lithodomus (boring mussels). Modiolaria. 

3. Order: Pseudolamellibranchia. ‘The successive gill 
filaments of one series are connected by ciliary discs or 
by vascular bridges, so likewise each ascending filament 
with the corresponding descending. Family: Pectenida, 
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Monomyaria with entirely open mantle supplied with 
eyes along its margins. Without siphons. Foot small, 
tongue-shaped. Shell with equal or unequal valves. 
Swimming. Pecten. Chlamys. Family: Aviculide. 
Monomyaria or Heteromyaria without siphons. Valves 
either equal or unequal. Avicula (Meleagrina). Mal- 
leus. Vulsella. Perna. Inoceramus. Pinna. Melea- 
grina. Margaritifera (pearl mussel). Family: Ostrezde. 
Monomyaria without foot with entirely open mantle 
without siphons. Valves unequal, fastened by the left 
valve to a support. Ostrea (ovster). 

4. Order: ulamellibranchia. Gills not consisting 
of distinct filaments. The filaments of each series and 
the two bars of a filament are connected by vascular 
bridges or sutures in such a way that each filamentous 
series resembles a sieve-like lamella. ‘Thus on either 
side two such lamellze exist, which in reality correspond 
to the two rows of plates of a simple bipectinate cten- 
idium. Here belong the majority of Lamellibranchia. 

1. Suborder: Swzbmytilacea. Gill lamelle smooth. 
Mantle usually fused only between the incurrent and 
excurrent apertures. Dimyaria. Family: Carditide. 
Dimyaria with open maytle and large foot. Cardita. 
Venericardia. Family: Lucintde with simple siphonal 
openings of the mantle. Foot often vermiform. Fam- 
ily: Evycinide. Mantle closed except along the two 
siphonal and the foot openings. Foot long Erycina. 
Kellya. Lasza. Lepton. Galeomma. Family: Cvas- 
satellidg. Mantle open, without siphons. Family: G- 
renide. Mantle open. ‘Two siphons. Foot large. In 
fresh or brackish water. Cyrena. Corbicula. Spheer- 
ium. Pisidium. Galatea. Family: Dyeissenszzde@, in 
rivers. Family: Unionide, in fresh water. Foot large, 
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hatchet- or club-shaped. Two simple siphonal openings 
or slits. Mantle open. Unio. Anadonta. Mutela. 


2. Suborder: Zellinacea. Dimyaria with entirely sep- 
arate siphons. Foot large. Gills smooth. Family: 
Tellinide: Tellina. Family: Donictde: Donax. Mac- 
trid@: Mactra. 

3. Suborder: Veneracea. Dimyaria. Gill-lamelle 
somewhat folded. Siphonsseparate. Foot rather large. 
Family: Veneride in Venus. Meretrix (Cytherea). 
Tapes. Family: FPetricolide (boring mussels). 


4. Suborder: Cardiacea. Dimyaria or Monomyaria. 
Gill-lamelle highly folded. Mantle with two siphonal 
and one pedal opening, otherwise fused. Family: Car- 
diide. Dimyaria. Cardium. Family: Chamide. Dim- 
yaria. Valves unequal. Chama. Diceras. Requienia. 
Here, probably, belong the fossil Monopleuride, Capri- 
nidze, Hippuritide, Radiolitide. Family: 77zdacnide. 
Monomyaria. Tridacna. Hippopus. 

5. Suborder: J7yacea. Dimyaria with folded gill 
lamellz. Mantle with tendency towards fusion. Siphons 
very long. Footlarge. Family: Psammobitde. Pectal 
aperture of the mantle still very large. (Psamimobia.) 
Family: Mesodesmatide. Lutrariide. Mytide. Mya. 
Corbula. Glycymeride. Glycymeris. Saxicava (boring 
mussels). Solenzde. Shell gaping at both ends. Foot 
very large. Solenocurtus. Cultellus. Ensis. Solen. 


6. Suborder: Pholodacea. Dimyaria with fused mantle 
and well-developed siphons. Foot variable, sometimes 
rudimentary. Shell gaping, frequently with accessory 
‘pieces. Family: Pholadide. Boring mussels. Pholas. 
Pholadidea. Jouannetia. Xilophaga. Family: 7Zeve- 
dinidg, boring mussels. Teredo (so-called Ship-worm). 
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Family: Clavagellide. Clavagella. Brechites (Asper- 
gillum). 

3. Suborder: Azatinacea. Mantle extensively fused. 
With siphons. Hermaphrodites. Foot present. Family: 
Pandoride. Lyonstide. Anatinide. Anatina. ‘'Thracia. 

5. Order: Septibranchia. The gill is transformed on 
either side into a muscular, perforated septum, which 
divides the mantle cavity into two chambers, one above 
the other. Hermaphrodites. Families: Poromyide. Cus- 
pidaride. ’ 

V Crass: Cephalapoda. Body symmetrical, with 
high visceral sac. Around the mouth tentacles or clasp- 
ing arms, considered to be parts of the foot which have 
grown anteriorly around the mouth. Another part of 
the foot is the funnel. In the posterior mantle cavity 
two or four ctenidia. Heart with two or four auricles; 
two or four nephridia. Unpaired gonads with paired or 
unpaired duct. Sensory organs, especially the eyes at 
the sides of the cephalic foot, highly developed. Strong 
jaws and firm radula. With external or internal shell, 
or without shell. Usually with ink-bag. Large, pred- 
atory marine animals of separate sexes. 

1. Order: Tetrabranchiata. With external chambered 
shell, in whose last (largest) chamber the animal dwells. 
Shell symmetrical, exogastrically coiled up. Numerous 
tentacles without suckers and retractable into special 
sheaths arise upon larger lobes around the mouth. 
Four gills, four auricles, four nephridial organs. Funnel 
consists of two lateral, separate lobes, which, with their 
free edges reaching one above the other, form a tube. 
Without ink-sac. With concave eyes. Only living 
form Nautilus. Radula 2. 2. 1. 2. 2. The two large 
groups of the Wautdlotdea and Ammonitidea extinct. 
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2. Order: Dibranchiata. Shell internal or rudiment- 
ary, or wanting. . Rarely (entogastrically) coiled. Two 
gills. Two auricles; two nephridia. Eight or ten 
clasping arms with suckers around the mouth. The two 
lobes of the funnel fused along the free margin. Vesi- 
cular eyes. With ink-sac. 

1. Suborder: Decapoda. With internal, often rudi- 
mentary shell. With ten arms, the fourth pair of which 
is developed into long prehensile tentacles, retractable 
into special cephalic cavities. Good swimmers with 
dorso-ventrally elongated body provided with lateral fins. 
Genital ducts unpaired. Family: Spzvulide. With in- 
ternal, spirally twisted, entogastrically coiled shell. 
Spirula. Family: Belemnitide. Fossile forms with 
internal chambered, generally straight shell. Belem- 
nites. Spirulirostra. Belemnotenthis. Family: Ozgof- 
side: Ommastrephes, rad. 3. 1. 3. Loligopsis. Cran- 
chia. Chirothenthis. Owenia. Thysanotenthis. Ony- 
chotenthis. Ommatostrephes. Family: Myopside- 
Rossia. Sepiola. Sepiodarium. Idiosepion. Loligo. 
Sepiotenthis. Belosepia (fossil). Sepia, rad. 5. 1. 3. 

2. Suborder: Octofoda. Without shell; with eight 
arms; without prehensile tentacles. Body plump, usually 
without fins, little adapted to swimming. Genital ducts 
paired. Family: Civrhotenthiae. With fins. Family: 
Philonexide. Argonatua, female with external uncham- 
_ bered shell. Philonexis. Tremoctopus. Family: Octo- 
pedide. Octopus, rad. 1. 3. 1. Eledone. 

Appendix: Rhodope Veranii. A small animal, 4 
mm. long, spindle-shaped, externally bilaterally sym- 
metrical. Body epithelium ciliated; with cutaneous 
muscular envelope, in which calcareous particles are 
embedded. Alimentary canal without radula, jaws and 
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liver. Nervous system with two supra- and one infra- 
cesophageal ganglion, with transverse commissures and 
connections, with eyes and auditory vesicles. Longitu- — 
dinal cords. Hermaphrodite with complicated genital 
apparatus. No separate blood system. One spacious, 
ciliated, nephridial chamber. Development direct; zo shell 
formation. Its systematic position still disputed. | 
Organization of the Mollusca. ‘The body of a primitive 
Molluscan type is dclaterally symmetrical with a convex 
dorsal region; the anterior region, containing mouth, 
eyes and tentacles, constitutes a distinct part of the 
body, the head. The ventral region is distinguished by 
a separate strong muscular plate, the foot, adapted for 
crawling. The soft integument of the convex dorsal 
region produces on all sides a large, overhanging fold, 
the mantle (pallium), which covers a circular cavity, the 
mantle cavity surrounding the trunk and communicating 
through the free margin of the mantle with the medium 
in which the animal lives. The dorsal integument of 
the trunk and its continuation, the external integument 
of the mantle secretes a closely joiniwg shell consisting 
of a chitinous matrix (conchyliolin), in which carbonate 
of lime is deposited. This shell is like the dorsal region, 
bilaterally symmetrical, convex. Separated from the 
body it would resemble a cup or plate. It serves both 
as a protection to the dorsal region and as a skeleton to 
which the muscles of foot and head are attached (dorso- 
ventrally directed). The mantle does not only form and 
enlarge the shell by its marginal secretions, but also 
covers the delicate gills and procures for them the pro- 
tection of the shell. We have a similar mechanism in 
the carapace of higher Crustacea and the branchial oper- 
culum of the fish, Inthe Mollusca the relations between 
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gills, mantle, and shell are of the utmost importance. 
The galls, situated in the mantle cavity, are paired and 
symmetgical, there may have been originally a series of 
successive gills or only two on either side of the pos- 
terior region of the mantle cavity. Each gill is shaped 
like a feather, consisting of a central axis or shaft and a 
double row of numerous (barb-like) side branches. The 
shaft rises free from the trunk into the mantle cavity. 
Near the base of each gill there lies a sensory organ (of 
smell), called the osphvadium. Such a gill has a definite 
morpholigical value. It has been termed a ctentdzuwm, in 
order to distinguish it from analogous respiratory organs, 
occurring in certain Molluscs. ‘The head bears a pair of 
tentacles and a pair of eyes. The mouth is situated at its 
anterior ventral side; the apertures of the internal organs 
at the posterior end of the trunk above the foot. Here, 
also, is found in the median line the azus, and on either 
side between it and each ctenidium (if we accept only 
one pair) two ofenings occur, one for the sexual organs 
and one for the zephridium. Al these apertures (two 
ctenidia, two osphridia, anus, paired sexual and nephri- 
dial openings) are covered by the mantle and, therefore, 
lie in the mantlecavity. These parts constitute together 
the complex of pallial organs. 

The deviations from the primitive external organiza- 
tion as given abcve, have largely been indicated under 
the different classes and orders. In the Placophora the 
contours of the foot with a cephalic region in front of it, 
run parallel to those of the body. The mantle is rep- 
resented by the peripheral region between the margin 
of the body and the calcareous plates. It presents 
numerous scattered spines, which are sometimes hard 
and chitinous and sometimes calcified, arising in 
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special follicles lined by ectoderm cells. Between 
the mantle and the foot a furrow (mantle cavity) 
occurs containing on either side a series of lgaf-like 
gills, which may either form an almost complete 
circle of gills around the foot or be confined to the pos- 
terior region. Eyes and tentacles are wanting. ‘The 
body of the Gasteropoda exhibits a multitude of modifica- 
tions; it is either bilaterally. symmetrical or highly 
asymmetrical. The same is true of the whole external 
structure. Usually the dorsal region of the body con- 
taining the viscera assumes a constricted sac-like form 
_ which, for the sake of reducing surface extension, coils 
itself spirally and forms a corresponding shell into 
which the protrusible head and foot can be withdrawn. 
The integument of the viscera sac may form along any 
place of the body an overhanging mantle fold, protecting 
the gills and aiding in the formation of the shell. In 
the Prosobranchia the pallial complex is not situated at 
the posterior, but at the anterior region of the body. 
The originally paired organs become (usually) unpaired 
and thus the asymmetry very prominent. They are 
called Prosobranchia because the gills are situated before 
the heart, whilst in the Opzstobranchia the reverse is the 
case; the pallial margin of the latter never forms a dis- 
tinct siphon. The mantle cavity of the Pulmonata is 
filled with air (gills wanting), respiration being carried 
on by the vascular network, covering the internal sur- 
face of the mantle fold immediately in front of the heart. 
At the base of the head-prolongation of the Scaphopoda 
two tassel-shaped masses of long filiform contractile ten- 
tacles arise which hang down into the mantle cavity, 
and can be protruded through the ventral mantle open- 
ing. The anus occupies a median posterior position 
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above the foot with a nephridial opening on either side. 
The mantle fold of the Lamellibranchia is attached to the 
trunk along its whole base; it encloses a cavity whose 
transverse diameter is very much shorter than the dorso- 
ventral or longitudinal, i.e., the whole body is com- 
pressed. The two valves of the shell articulate at the 
dorsal region and gape along the ventral margin. The two 
adductor muscles (anterior and posterior) which trans- 
versely connect the two valves, produce distinct impres- 
sions on their inner surface. The mouth is situated 
between the anterior adductor and the anterior base of 
the foot; the anus (frequently fringed) behind the pos- 
terior adductor. A distinct cephalic region is wanting. 
Along the line of the pedal insertion, on either side of 
the median and posterior part of the trunk a longitudi- 
nal septum (shaft) arises to which are attached numer- 
ous long gill-leaves, arranged in two rows, 1. e., one gill 
lies on either side of the mantle cavity. Itis of great 
importance to observe in the different groups of Lamelli- 
branchiata that the mantle can partially close itself 
whenever the free margin of the right fold fuses with 
the free margin of the left fold at one or more than one 
place. This leads to the formation of siphons which 
are contractile and extensible, governed by muscles. 
The body of the Cephalopoda is morphologically so ar- 
ranged that the apex of the large visceral sac accupies 
the highest point of the dorsal region (apparently the 
posterior efid), whilst the head (transformed into a 
cephalic foot) with its prehensile anus occupies the cor- 
responding ventral position (apparently anterior end.) 
The morphologically anterior side is apparently above, 
the posterior below. (Compare the position of a Sepia in 
water.) The mantle fold, hanging down posteriorly from 
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the visceral sac covers a spacious mantle or branchial 
cavity which communicates above the cephalic foot 
through the mantle aperture with the external world. 
On the floor of the mantle cavity two or four symmetri- 
cally arranged gills are situated. In the posterior lower 
side of the visceral sac two symmetrically shaped lobes 
arise, approaching each other in such a way as toform a 
tube, the so-called funnel, whose one opening lies in the 
mantle cavity while the other appears outside of it, be- 
neath the pallial aperture. The water of respiration 
flows from the mantle cavity into the funnel and thence 
to the outside. The funnel is also used as an eductory 
passage by the feecal masses, the excretions, the genital 
products and the secretions of the ink-sac. Originally 
all Cephalopoda very probably possessed a complete shell 
covering the visceral sac and the mantle fold. Its mod- 
ern form is either rudimentary or wanting altogether. 
The vacant chambers of the shell of the 7etrabranchiata 
are filled with gas; partitions separating them are per- 
forated in the center by a siphon which traverses all 
chambers and is fastened to the visceral sac of the ani- 
mal (Nautilus). That part of the foot which surrounds 
the mouth is drawn out into numerous tentacles, each 
one of which can be retracted into a special sheath; 
the anterior end situated before and above the head is 
widened into a concave lobe, the so-called cephalic cap, 
which lies external to the anterior part of the dwelling 
chamber, closing the shell when the tentacles are with- 
drawn. ‘Thecephalic cap bears two tentacles. On either 
side of the head one eye is located. The mantle fold 
extends above the cephalic foot around the whole body. 
Whilst it is short along the sides, -it forms a considera- 
ble lobe in front and above, and covers posteriorly a. very 
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deep cavity. The funnel consists of two entirely sepa- 
rate lateral lobes (epipodial lobes) representing a part 
of the foot. Within the mantle cavity (upon the visceral 
sac) two pairs of pectinate gills (upper and lower) arise. 
Here also nine apertures occur: the median anal, two 
genital, two nephridial and two viscero-pericardial. The 
mantle fold of the Dzbranchiata extends as a narrow 
margin along the lateral regions and the anterior side of 
the visceral sac, forming immediately above the cephalic 
foot a furrow, whilst it covers almost the entire posterior 
surface of the visceral sac, producing a very deep and 
spacious mantle cavity. The two lateral lobes of the 
funnel are fused along their free margins into a tube 
open on both ends; near the upper end the openings of 
the internal organs appear. The two gills are situated, 
one on the right and one on the left side in the mantle 
cavity. 

The whole Molluscan body is covered by a one-layered 
epithelium, which is usually ciliated in all parts, not 
covered by the shell. It is very rich in glands of the 
unicellular type, situated either in the epithelium itself 
or in the subjacent tissue with their ducts between the 
epithelial cells. The tissue immediately beneath the 
epithelium (connective tissue, muscular fibres) is distin- 
guished as the leathery integument or cutis, but there is 
no sharp line of separation between this and the tissues 
beneath it. In the cutis of the Cephalopoda large © 
chromatophores occur which through alternating contrac- 
tions and expansions produce the beautiful change of 
color. VLikewise the free pallial margin of the Gastero- 
poda from which the formation of the shell proceeds, 
contains numerous mucous chromatous and calcareous 
glands. Whe shell of the Lamellibranchiata consists of 

L 


242 MOLLUSCA. 


three lamina: the external layer (horny cuticula), the 
intermediate (porcellan layer), consisting of perpendicu- 
lar calcareous prisms, and the internal layer or mother 
of pearl, composed of five calcareous plates, arranged in 
delicate wave-like folds, which produce the wavy lines of 
the internal surface. The two first layers are devel- 
oped from the free pallial margin, the last one from 
the epithelium of the mantle. The sheliotgeme 
Gasteropoda and Cephalopoda consists largely of the 
porcellan layer, structurally different from that of the 
Lamellabranchiata. Comparing the growth of the shell 
with that of the exoskeleton of the Arthropoda we 
find that the former leaves the animal free and enlarges 
with it through the addition of new layers, or through 
anterior enlargement, into which the growing animal 
moves, leaving the posterior smaller chambers vacant 
(Nautilus), whilst the latter must be repeatedly shed in 
order to allow the animalto grow. An originally asym- 
metric shell may in the course of time become symmetric 
or vice versa. ‘The shell serves functions of protection, 
and therefore becomes complicated and variously coiled 
in freely moving animals which show the tendency to 
retract the whole body within their own shell. It has 
been definitely proved that forms with rudimentary or 
no shell at all must be derived from forms with a well 
developed shell. In all defective cases a shell generally 
becomes first iuternal, then decreases in size, the visceral 
sac becomes reduced, the shell occurs only in form of 
isolated calcareous corpuscles in the dorsal integument, 
finally even these disappear and the shell is only present 
in the embryo. The environments frequently require 
the reduction of the shell, but other compensations arise 
to take its place. The valves of the Lamellibranchia are 
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connected by the Azuge and the hinge ligament, consisting 
of an external non-elastic and an internal elastic layer. 
Many modifications occur. The jpallzal line, formed 
along the margins of the valves by the muscle fibres 
fastening the pallial margins forms in molluscs, provided 
with siphons, a characteristic modification, the mantle 
sinus, corresponding to the impressions of the sipho- 
retractor muscles and important for classification. 

The most important organ of the mantle cavity is the 
branchial organ or gill, because mantle and mantle cavity 
were formed for its protection. It is a homologous organ 
derived from the gill of a common ancestral type, and 
therefore a definite morphological factor, designated by 
the name cfenzdium in contradistinction from the secon- 
dary gills, which are morphologically different. The 
ctenidia of the Mollusca are originally paired, symmetri- 
cally arranged, pectinate, ciliary processes of the body 
wall, projecting from the trunk into the mantle cavity. 
Afferent vessels (branchial arteries) conduct venous 
blood into the gills, whence afferent vessels conduct the 
newly oxidized (arterial) blood back into the body, 
first into the heart. At the base of each ctenidium lies the 
osphradium (Spengel’s organ). .The gills have retained 
their most typicalcharacterin the Chitonide, the Lamelli- 
branchiata, Cephalopoda and Zeugobranchia, only that 
in the latter the gills changed their original position. 
The asymmetry of the body manifests itself also in the 
gills, wherever only“ ne is retained. The ctenidia of the 
Testibranchiata (exceptions) have disappeared together 
with the mantle cavity, but may be replaced by analogous 
adaptive gills. Since blood is carried from the gills into 
the auricles of the heart, there is an important relation 
between the two organs, i. e., the number and position 
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of the gills corresponds to those of the auricles (e€xcept 
in the Chitonide). In the Scaphopoda respiration is 
carried on by thesoft portions of theintegument. Thechief 
forms of the adaptive gills of the Nudibranchia are (1) the 
anal gills of the Doridide, (2) the right and left longi- 
tudinal rows of the subpallial gill plates of the so-called 
Phyllidiidz, (3) the dorsal appendages or cerata of the 
Nudibranchiata and of most Ascoglossa. In the Pulmo- 
nata the mantle cavity becomes a Jung cavity. On the 
internal delicate surface of the mantle a dense respiratory 
blood-vascular network arises. A vein, the circular vein, 
runs along the mantle thickening, sending out numerous 
fine, anastomosing vessels, which enter into the large 
lung vein (arterial blood), parallel with the rectum; and 
thence into the auricle. Similar cases occur in the ter- 
restrial Prosobranchia. 

The hypobranchial gland is situated at the base of the 
ctenidium or betwen it and the rectum. It assumes 
various forms, but never becomes follicular or tubular. 
The purple gland of the Prosobranchia is such a gland. 

The absence of the fead in the Lamellibranchiata is 
due to the peculiar development of the mantle and shell 
which separate the anterior region from the external 
world, and make the existence of a special highly sensi- 
tive cephalic region superfluous. Specially noteworthy 
are the cephalic foot of the Cephalopoda, the head of the 
Gasteropoda and the oval anterior h¢ad-like prolongation 
of the Scaphopoda. 

The mouth opening of the Lamelliabranchia continues ~ 
to the right and the left in a furrow which extends pos- 
teriorly to the base of the gills. Its function is to con- 
duct food particles tothe mouth. It is bordered by septa 
which form a kind of upper and lower lips; they may hang 


MOLLUSCA. 245 


into the mantle cavity in form of thin triangular plates, 
called oral lobes or palpz. 

The strong muscular foot is evidently the remnant of 
the ventral portion of an original cutaneous muscular 
envelope, adapted to crawling, whilst the formation of a 
shell made the dorsal portion superfluous and caused its 
reduction. The foot with a flat sole is no doubt the or- 
iginal type. It may be greatly modified by adaptation. 
An anterior portion (propodium) may become distinct 
from a posterior position (m#etapodium) which bears the 
operculum wherever it occurs; or farapodia may arise by 
lobe like enlargements of the margin of the sole; or an 
epipodium, a projecting fold, may develop around the 
base, i. e., the upper part of the foot; it is here where 
tentacular processes occur. In the Heteropoda the 
(medio-ventral) propodium has adapted itself to the 
function of swimming and transformed into a vertical fz, 
the parapodia of the Tectibranchia have changed into 
paired fins or wings. In the Cephalopoda the foot has 
gradually moved towards the head, finally fusing with 
it, so that the arms (brachial umbrella) are considered 
lateral processes of the foot, especially on the ground 
that the sub cesophageal branchial ganglion which inner- 
vates the brachia, represents an anterior differentiation 
of the pedal ganglion, further because the brachia arise 
ontogenetically behind the mouth on the ventral side; 
their later position is only a secondary one. It can 
hardly be doubted that the two lobes of the funnel are 
epipodial lobes. The chief pedal glands of the Gastero- 
poda consist of an anterior glands (salivary) situated in 
the Prosobranchia between the two pedal lips (lobial 
gland), in the Pulmonata in the median basal line form- 
ing an epithelial canal; and of the unpaired sole gland, 
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occurring largely in the Prosobranchia, where they secrete 
a saliva that can be drawn out into threads, by means of 
which the animals attach themselves to foreign objects; 
it is homologous with the dyssus gland of the Lamelli- 
branchia. The foot, the latter is generally laterally 
compressed, originally ending in a disc with marginal 
indentations. The byssus apparatus consists of (1) the 
byssus cavity, (2) the eductory canal, (3) the byssus fur- 
vow, extending from the opening of the canal to the an- 
terior point of the foot, and (4) of a cup-shaped or semi- 
lunar enlargement of the furrow. The animal fastens 
itself by means of the byssus threads to foreign objects. 

The primitive zzternal organization of the Mollusca is 
as follows: The alimentary canal. The mouth leads into 
a muscular pharynx with horny jaws; on its floor lies a 
hard plate called /ongue or radula, which in successive 
transverse rows bears sharp, chztinous teeth. Paired sal- 
vary glands open into the pharynx. ‘This is followed by 
an esophagus leading into a midgut, which assumes a 
coiled shape and traverses, surrounded by large digestive 
glands, the body, ending posteriorly by means of a very 
short Aizmdgut in a median anus. Wherever the body has 
developed a dorsal visceral sac (Gasteropoda) the ali- 
mentary canal forms a dorsal loop. Secondary loops or 
coils of the midgut are especially prominent in herbiver- 
ous Mollusca. The digestive gland, or so-called “ver, 
unites the functions of the different specialized digestive 
glands of the Vertebrata. The radula is not present in the 
Lamellibranchia; they are, therefore, called Aglossa in 
contradistinction from all other Mollusca the Glossophora; 
the hard jaw and salivary glands of the latter are like- 
wise wanting in the former. ‘The reason of this distinc- 
tion in the Lamellibranchia is to be sought in the fact 
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that they feed after the manner of sessile animals; 
microscopic organisms are carried from the incurrent 
water by ciliary motion into the mouth; there is no need 
of special masticatory organs. The anal gland of some 
Gasteropoda and the so-called zzk sac of the Cephalopoda 
are connected with the terminal part of the hindgut. The 
wall of the alimentary canal is attached by connective 
fibres or bands, and consists of an internal, usually cili- 
ary, epithelium, an external muscular layer and an ex- 
ternal connective envelope. Pharynx and perhaps also 
parts of the cesophagus arise ontogenetically from the oc- 
todermal stomodzeum or proctodeum. The fongue is a 
tough, muscular, longitudinal structure, covered with a 
strong cuticular dasal membrane, upon which numerous, 
often thousands of chztinous little teeth arise, arranged in 
transverse and longitudinal rows. Basal membrane and 
teeth together constitute the vadu/a, which is of the 
highest systematic value. It has its origin at the base of a 
sheath, into which it penetrates. Pharynx and tongue ap- 
paratus are protrusible, forming a very long proboscis in 
some predatory Prosobranchia. The cesophagus is situated 
between pharynx (wanting in Lamellibranchia) and stom- 
ach; there is hardly a line of demarkation. ‘The stomach 
is that part of the midgut into which the liver opens. The 
liver is either a tubulous or acinous gland, representing a 
compact multilobed organ of brownish color. It consists 
of hepatic, ferment and calcareous cells. One of the di- 
verticula of many Lamellibranchia contains a rod-shaped, 
gelatinous cuticular mass, the crystalline style, whose 
nature is still disputed. Numerous modifications of the 
midgut occur, especially in the Cephalopoda (pancreas, 
spiral column). In the Aphistobranchia chitinous forma- 
tions occur in the stomach. The tubular zv/estine of the 
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midgut exhibits numerous coils and loops. In the large 
majority of the Lamellibranchia and Diotocardia the 
rectum perforates the heart, which suggests a relation- 
ship of groups. 

The primitive muscular structure consists of the mus- 
cles of the foot, of the muscles extending from the shell 
to the foot and the head (muzscle of the spine, shell muscle), 
and of the muscles of the individual organs. ‘The structure 
of the muscles is ot cross-striped. ‘The spindle muscle 
(musculus columellaris) is attached to the spine in the 
interior of the shell, extends along the visceral sac and 
enters the dorsal side of the foot, where it radiates. It 
constitutes the specific retractory muscle, and is as such | 
most highly developed in the Pulmonata where it forms 
the retractory muscles of the tentacles, eye-stalks and 
buccal mass and the muscles extending to the viscera. 
In the Lamellibranchia we distinguish the Aallzal muscles 
and the muscles terminating zn the foot. The former is 
especially developed towards the free edge of the mantle 
and consists of three systems (1) the perpendicular mus- 
cular fibres of the pallial margins, (2) the muscle fibres 
running parallel to the pallial margin, (3) short fibres ex- 
tending from the internal to the external pallial surface. 
Differentiations of the pallial muscles are the szphonal 
vetractors and the adductor muscles. Mollusca with two 
equal adductory muscles are called Dimyariza, those in 
which these muscles are unequal, Aeleromyaria, and 
those with only one adductor, Wonomyaria. The muscle 
,pairs extending from the internal surface of the shell 
into the foot correspond to the columeilar muscles of the 
other Mollusca. In the Cephalopoda a cartilaginous 
entoskeleton is developed which serves, on the one hand, 
purposes of attachment for various muscles, muscle 
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groups and membranes, on the other hand purposes of 
protection for important organs, especially fox the central 
parts of the nervous system and the eyes. Constant is 
only the cephalic cartilage. Muscles are attached to the 
cartilage of the shell (depressor infundibuli; retractor 
capitis lateralis; capitis medianus), or of the fin, or of 
the head (musculus collaris: adductor infundibuli). 

The primitive zevvous system consists of two well- 
developed cerebral ganglia, situated’on the dorsal side of 
the head and connected by a short cerebral commissure, 
and of two pairs of strong ganglionic nerve trunks, pro- 
ceeding each from a central ganglion and traversing the 
whole length of the body. The two trunks of the one 
pair, the pedal cords, extend along the vight and /eft side 
of the foot, the visceral cords occupy a deeper and more 
dorsal position, extending along the body cavity and 
connected posteriorly. Excepting the Amphineura and 
the Diotocardia, the nervous system is modified as 
follows: two cerebral ganglia, two pedal ganglia, two 
pleural ganglia (on both sides of pharynx), two visceral 
ganglia (in the posterior region of the body cavity). 
Naming the ganglia of one and the same side connectives 
and the nerves, connecting the paired ganglia of both 
sides, commussures, we distinguish (1) cerebral commis- 
sures (above the foregut), (2) pedal commissures (below 
foregut), (3) visceral commissures (below rectum); fur- 
ther (1) cerebro-pedal connectives, (1) cerebro-pleural 
connectives, (3) pleuro-pedal connectives, (4) pleuro- 
visceral connectives. The nervous system of the 
Amphineura corresponds in the main to the original 
primitive nervous system of the Mollusca. The pedal 
and visceral cords are connected anteriorly by a gan- 
glionic ha a semi-circular cord, and exhibit through- 
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out the body a great resemblence to the rope-ladder 
nervous system of the Turbellaria and Trematoda. 
In the Solenogastres the tendency arises to form localized 
ganglion centres, with a fused cervebval ganglion, three 
pairs of posterior visceral ganglha and two anterior pedal 
ganglia. ‘The typical nervous system of the Gasteropoda 
» is the modified primitive system given above, but it be- 
comes highly interesting through the formation of crucz- 
form pleuro-visceral connectives, occurring in the Proso- 
branchia. The connectives cross each other in sucha 
way that the one starting from the right pleural gang- 
lion extends above the alimentary canal to the left side 
before reaching the visceral ganglion, whilst the con- 
nective proceding from the left pleural ganglion extends 
beneath the alimentary canal towards the right side. 
Thus the parietal ganglion (in the pleuro-visceral con- 
nective) of the z7ght pleural connective becomes a supra- 
intestinal ganglion (on the left side): the one from the 
opposite direction becomes a subintestinal ganglion (on 
the right side). The Prosobranchia are therefore stvepio- 
neurous Gasterapoda, whilst the Opisthobranchiata and 
Pulmonata are euthyneurous Gasteropoda. The cerebral 
ganglia innervate the eyes, auditory organs, tentacles, 
proboscis, lips, retractory muscles of proboscis and buccal 
mass; the pedal ganglia furnish nerves for the pedal 
muscles (rarely for the spindle muscles); the pleural 
ganglia innervate mantle, spindle muscle and post-cepha- 
lic body wall; the parietal ganglia, the ctenidia, osphra- 
dium.and partly the mantle; the visceral ganglia, the 
visceral sac. ‘The connectives and commissure may also 
furnish nerves for the neighboring ganglia. The buccal 
ganglia innervate the pharynx, salivary glands, cesopha- 
gus, anterior aorta, etc, The nervous system of the 
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Seaphopoda is symmetrical, the visceral connective not 
cruciform, no separate parietal ganglia; the main ganglia 
lie closely together. The nervous system of the Lamel- 
lobranchiata consists of the cerebro-pleural ganglia (fused) 
with commissures, the pedal ganglia and the viscero- 
parietal ganglia with commissures, all three connected 
by long connectives. ‘The symmetric nervous system of 
all Cephalopoda is characterized by the marked concentra- 
tion of all the ganglia, especially in the Dibranchiata, 
where the central nervous system is enclosed by the ce- 
phalic cartilage. The buccal ganglia represent the sym- 
pathetic nervous system. 

The integument of the Mollusca contains a large num- 
ber of variously arranged epithelial sensory cells. They 
are of two kinds, either large surface cells (only in La- 
mellibranchiata), carrying tufts of externally projecting 
sensory hairs (brush-cells), or elongated filiform or spin- — 
dle cells, which show a slight elevation near the nucleus. 
Both kinds of cells continue at their base in a nerve 
fibre, leading to the nervous system. They have no 
specialized functions, unless they combjne into special 
sensory organs. Between these sensory cells other epi- 
thelial cells occur, e. g., glandular, ciliary, supporting 
cells, etc. The function of touch manifests itself wher- 
ever the integument is exposed. Sensory cells occur 
also on the internal epithelium of the mantle; they may 
be of an indifferent, or of a glandular or of a sensory 
nature. A whole region may assume their character 
wherever the one or the other kind predominates. The 
osphradium of the Prosobranchia is such an organ, per- 
forming the function of smell. ‘Tentacles of smell occur 
in terrestrial Pulmonata and certain Opisthobranchia, | 
whilst in the Dibranchiata distinct zxnervated pits may 
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take their place; similar organs occur on both sides of 
the anus in certain Asiphoniata. Here belong likewise 
the lateral organs of Diotocardia, the sensory organs of 
the Chitons (subradial, megalezstheta and mikreestheta), 
and the oral organs of taste in many Mollusca. All 
Mollusca, except the Amphineura have auditory vesicles 
(otocysts), whose epithelial wall consists of ciliated and 
sensory cells; the vesicle contains otoliths of various 
numbers (1-100), size and. composition ‘They are gener- 
ally situated upon the pedal ganglia or near them. They 
reach their highest development in the Heteropoda and 
the Cephalopoda, where maculeze and Criste acusticz 
are formed. Eyes occur in the form of cup-shaped (in 
Diotocardia and Nautilus), and vweszeular eyes, (see p. 
56-58). The eyes of the Dibranchiata belong to the 
highest in the animal kingdom (p. 56). ‘The dorsal 
eyes of Onchidium and of Pecten and Spondylus belong 
to the vesicular eyes, but here the external wall develops 
into the retina whilst the internal wall represents pig- 
mented epithelium. The compound or facetted eyes of 
Arca and Pectunculus are epithelial organs correspond- 
ing to certain simple Arthropodal eyes. Originally the 
eyes of the Mollusca were evidently homologous, but 
adaptation brought about a change. 

The primitive original d/ood-vascular system is partly 
lacunary. The hear¢ is arterial and situated in the peri- 
cardium above the rectum. It consists of a ventricle and 
two Jateral auricles. In symmetric Mollusca with high 
visceral sac, it is displaced behind the rectum. In the 
asymmetric Gasteropoda the position of the heart de- 
pends upon that of the pallial complex. Usually two 
large arteries (aorta) arise (frequently with one stem) 
from the heart, the one proceeding to the head, the 
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other to the visceral sac whence they anastomose and 
empty into the lacunz. ‘The blood circulation has been 
described before. The d/ood or, better, the hemolymph, is 
rich in albumen (hemocyanin), and contains free swim- 
ming amecebid cells, which either separate from localized 
blood glands or from larger vascular regions. The wall 
of the heart consists of densely packed, smooth muscle 
fibres and of an external entothelium (pericardial). An 
internal entothelium is wanting. The wall of the ventricle 
is always stronger than thatof theauricles. Valves occur 
between the two (atrioventricular) as well as in the pe- 
ripheral canals. The heart may also be innervated. The 
somewhat complicated blood-vascular system of the Ce- 
phalopoda deserves special attention. 

We distinguish in the Mollusca a primary and a secon- 
dary cavity. The former represents the Jacunar and 
sinus system of the body, into which the arteries open and 
from which the veins, whenever they are present, receive 
their blood. It is without its own epithelial wall. The 
so-called secondary body cavity or the ccelum is in the 
large majority of Mollusca greatly reduced and consists 
usually only of the pericardium and the cavity of the 
gonads (testes, ovaria, hermaphroditic glands). It is 
always lined by its own epithelial wall, the entothelium 
ofthe blood cavity. It communicates externally through 
the nephridia (same as in Annulata). The germ layers 
are accumulations of the entothelium, so also the fevz- 
cardial glands. 

The xephridia (organ of Bojanus) consist typically of 
two symmetrical sacs which open externally through 
the two nephridial apertures into the mantle cavity, 
and through two internal apertures (infundibulum) into 
the pericardium. Their wall is richly saturated with 
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venous blood which here deposits its excretory sub- 
stances. Modifications and relations to the genital 
glands have been indicated before. 

The sexual organs consist of the gonads, the ducts and 
the organs of copulation. ‘The gonads are either com- 
pletely or incompletely separated parts of the secondary 
body cavity; they are paired and symmetrical in the 
Lamellibranchia and Solenogastres. In all others they 
are single. Two pairs of gonads may be present in 
Hermaphrodites, but ova and spermatoza are here usually 
produced by one and the same gonad. (See classifica- 
tion.) They may be situated above the alimentary 
canal (Solenogastors) or in the visceral sac (Gastropoda, 
Scaphopoda, Cephalopoda) or typically in the primary 
body cavity above the muscular part of the foot between 
the alimentary coils. The reproductive cells may arise 
everywhere from the epithelium of the gonads or only 
in certain definite regions; they mature, separate and 
enter the secondary body cavity whence they are carried 
out. The gonads empty the mature eggs either into 
special ducts or into the nephridia. In many molluscs 
they pass through the pericardium (Solenogastres) before 
reaching: the nephridia. Whenever the gonads open 
directly into the latter, they either enter its proximal 
(communicating with the pericardium) or its distal por- 
tion (urinary duct) or a urogenital cloaca. The relation 
between paired ducts and paired- or unpaired gonads is 
indicated in the classification. Whenever special ducts 
are present accessory pouches or glands or organs of copu- 
lations arise which are most complicated in hermaphro- 
ditic Pulmonata and Opisthobranchia. In the Gastero- 
poda a male organ (either a freely projecting penis or a 
similar protrusible organ) arises in the cervical region. 
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In the Cephalopoda a modified (hectocotylized) arm of 
the male assumes the function of copulation. The sper- 
matazoon is usually pin- or hair-shaped. In parasitic and 
sessile snails the organization becomes rudimentary. 
Certain Gasteropoda are viviparous. 

Ontogenetic and phylogenetic characteristics. 'The Mol- 
luscan egg generally undergoes a total unequal segmen- 
tation (discoidal in Cephalopoda), resulting either in an 
invagination or an epibolic gastrula (p. p. 38-40). The 
characteristic larva is the veliger-larva, i. e., a trocho- 
phora with Molluscan characteristics: (1) the dorsal 
shell-gland with the embryonic shell (or shells), and (2) 
the ventral foot-rudiments. Metamerism occurs before 
all the trochophora characters have become fully devel- 
oped. ‘The preoral ciliary circle (the velum) of the Mol- 
luscan larva corresponds to the same structure in the 
Turbellarian larva; the primitive nephridium of the for- 
mer toa simplified water-vascular system of the latter, 
whilst the constant nephridia as genital ducts are 
homologous with the genital ducts of the Turbellaria. 
With the acquirement of rectum, heart and secondary 
body cavity the Mollusca rose above the modern 
Platoda, whilst they are still one (in the lower forms) 
with them with regard to the nervous system. ‘The 
secretion of a shell changed the respiratory functions of 
the body surface and led to a formation of localized 
gills; at the same time the muscular structure of the 
dorsal side, and with it the longitudinal nerve cords, 
became reduced, whilst the opposite took place with 
the ventral muscular structure, which developed into a 
foot; the dorso-ventral muscles, however, into a shell- 
muscle, 
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The Echinoderms are exclusively marine animals. 
They exhibit externally a radial usually pentamerous 
arrangement. This radial symmetry is never perfect, 
the body is in reality bilatterally symmetrical in rela- 
tion to a median plane which traverses the centre of 
length of one of the radiating metameres. ‘They are al- 
ways provided with a skeleton, composed of calcareous 
spicula, which usually unite into networks, giving rise to 
definite skeletal plates. An alimentary canal is present 
whose walls are separated from the body walls by a spa- 
cious peritoneal cavity. A system of ambulacral vessels, 
composed of a circular canal around the mouth, which 
sends off a branch canal with numerous lateral prolonga- 
tions along the middle line of each of the ambulacral 
metameres, represents the highly characteristic water- 
vascular system. Hatschek, therefore, names this group 
Ambulacralia, classifying them together with Enterop- 
neusta as a special type. A true vascular system is also 
present. The nervous system consists of a wing which 
surrounds the cesophagus and gives off radiating longi- 
tudinal cords. Reproduction is mainly sexual, and sepa- 
rate sexes are the rule. The development presents a 
complicated metamorphosis, the embryo leaving the egg 
as a bilaterally symmetrical larva, which has different 
names in different classes. 

I Crass: Crinoidea (Feather-Stars). Bursiform or 
cup-shaped Echinodermata. Inferior or dorsal integu- 
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ment of the body (calyx) always provided with polygonal 
plates, articulated by their edges; in the ventral integu- 
ment sometimes only scattered calcifications. At the 
border of the calyx from two to eighteen segmented 
arms (brachia) arise, bearing ambulacral appendages 
(pinnules), which are continuations of those situated 
along the ambulacral furrows of the calyx. Attached 
by the apical pole either directly or, more commonly, by 
means of a calcareous stem to submarine objects. Seg- 
ments of the stalk usually pentagonal, connected by 
bands of tissue. It is attached at its distal end by a root- 
like expansion or by numerous branched cirri; at certain 
intervals it bears hollow and segmented cirri, which are 
arranged in whorls. Through the centre of the stem 
runs a canal containing a soft, solid substance, and per- 
forming nutritive functions. Mouth and anus situated 
on the ventral side of calyx. Generative rhachis in the 
arms. largely extinct (Paleozoic). Represented by 
ast a few living genera. 

. Order: Tesselata. Calyx omc of calcareous plates, 
ioe face without ambulacral furrows. Cyathocrinus. 
Actinocrinus. Extinct. 

2. Order: Articulata. Oval face of calyx, usually 
membranous, or sub membranous, with ambulacral fur- 
rows. 1. Family: Fenxtacrintide. Always attached by 
a pentagonal stalk, with whorled cirri /entacrinus caput 
Meduse and P. Miilleri, Rhizocrinus Holopus. Fossil 
forms: Ezcrinus lilitformis. Apiocrinus, etc. 2. Family: 
Comatulide. Attached only in the young state. Usually 
ten arms at the margin of the flattened body by means 
of which they propel themselves; mouth and anus pres-. 
ent. The vermiform larva swims about freely, and passes 
later into the stage of the stalked Pentacrinus, from 
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which the Comatula is produced by the separation of the 
cup from the stalk (Claus). Amfedon (Pentacrinus 
Europeus). Actinometra. 

1 Appendix: Cystidea. With short stalks and slightly 
developed arms. Generative organs enclosed in the 
calyx, issuing through movable valves, arranged around 
acentral pore. Spheronites. Caryocrinus. Apicystites. 
Extinct. 

2. Appendix: Ederioasterida. Fossil. Ambulacra per- 
forated by canals, opening directly into the calyx-cavity. 
Without anus and stalk. Fdvioaster. Agelacrinites. 
Flemicystides. 

3. Appendix: Blastotdea. Prismatic body. Without 
arms; calyx with ambulacral areas, attached by a short 
jointed stem. /entatrematites. Extinct. 

II Ciass: Echinoidea. Body spheroidal, oval, dis- 
coid or heart-shaped, with immovable skeleton (shell, 
test or perisome), composed of calcareous pentagonal 
plates, bearing movable spines and usually arranged in 
twenty meridional rows, which correspond in alternate 
pairs with the radii and interradii (corona). ‘The radial 
pairs, representing the ambulacral plates, emit the am- 
bulacral tube feet through fine pores arranged in rows. 
Both ambulacral and interambulacral plates bear spheri- 
cal prominences and tubercles to which the differently 
shaped movable spines are joined. Between the latter 
pedicellarize occur, which are especially numerous in 
the region of the mouth. ‘The genital pores are situated 
on the interradial genital plates near the apical pole. 
Beneath them lie the reproductive organs, large racemose 
glands. One of these plates is perforated by numerous © 
fine holes, serving as a communication between the stone 
canal and the outside (madreporic plate). The arrange- 
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ment of the nerves and the ambulacral vascular trunks 
is highly characteristic of the internal organization. 
There is invariably a mouth surrounded by oval plates. 
the peristome, (frequently provided with teeth) and anus 
protected by anal plates; the periproct and the ambula- 
cral appendages have often respiratory functions. Echi- 
noids live near rocky coasts. Many are fossil. 

1. Section: Regularia or Entocyclica. Mouth central or 
sub-central ; anus sub central in the apical space. 

1. Order: Cidaridea. Sea-urchins. With teeth and 
masticatory apparatus, with equal band-shaped ambu- 
lacra. Madreporic plate in the anterior right inter- 
radius near the apex. 

A. Shell round. Families: Cidaride, with smooth, per- — 
forated tubercles; ten anal plates; no buccal branchie. 
Cidaris. Diatematide, with crenulate perforated tuber- 
cles, peristome notched. Arbaciadge, with smooth imper- 
forate tubercles; four large anal plates; auricule closed. 
Arbacia. Echinide, imperforate tubercles or perforate 
and crenulate; numerous anal plates; pairs of pores in 
rows of three, four or more. Strongylocentrotus. Echinus. 
flemiaster. 

B. Shell oval or elliptical. Echinometride. Pores in 
rows of fiveorsix pairs. Lchinometra. Podophora. Acro- 
cladia. Inthe family Salenidz the anus has become ec- 
centric through one or more supernumerary apical plates. 
The only living form: Salenia rarispina. Echinothuride 
extinct. 

2. Section: /rregularia or Exocylica. Anus eccentric, 
not within the apical disc. 

2. Order: Clypeastridea. Irregular Echinoidea, more or 
less shield-shaped. Mouth usually central, provided with 
masticatory apparatus; five-leaved ambulacral rosette 
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round the apical pole; very small tube feet; no Polian 
vesicles. Five genital pores in the region (apical) of the 
madreporic plate. Ambulacra less petaloid. Families: 
- Clypeastride. Shell flattened, disc without indentations, 
subpentagonal. Clypeaster. Echinocyamus. Scutellide, 
shell flattened, often lobed or perforated, lower surface 
with ramifying grooves. Lobophora. Rotula. 

3. Order: Spatangidea. Heart-shaped; dental appa- 
ratus absent; mouth and anus usually eccentric; four- 
leaved ambulacral rosette and four genital plates; without 
Polian vesicles. Madeporic plate interradiate. Families: 
Spatangide, mouth transverse or reniform. Spatangus. 
Schizaster. Amphidotus. 

Appendix: Fossil forms with simple ambulacra: Gal- 
eritide, mouth central, shell globular or subpentago- 
nal, asingle apex. Dysasteridg, mouth eccentric, shell 
ovoid, two apices, towards which the bivium and trivium 
converge. 7 

III CuAss: Ophiuroidea. The brittle stars have a 
general external resemblance to the Asteroidea. The 
ambulacra are confined to the oral side of the body; the 
ambulacral grooves are covered by a series of dermal 
plates, the feet projecting at the sides of the arms, be- 
tween the spicules on the upper surface. The arms are 
flexible and cylindrical, sharply distinct from the disc; 
they are rarely branched and can (by means of longitudi- 
nal muscles) be rolled up in the direction of the mouth. 
The latter is situated in the centre of the oral surface, 
surrounded by five oral angles, each consisting of five 
pieces. The alimentary canal is a simple gastric sac 
without coeca and has no intestine or anus; pedicellariz 
are likewise wanting, the madriporic body situated in 
one of the buccal plates. The genital glands are lodged 
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passing directly to the exterior through inter-radial 
paired slits. A few viviparous Ophiuroidea do» not 
undergo metamorphosis. 

1. Order: Ophiuridea. Armsunbranched; ambulacral 
furrows covered with plates, genital clefts ordinarily 
five, habits creeping. A. Oral clefts armed, no pale 
angulares (teeth-like processes): Odbhiodermatide, disc 
granulated. Ophiura. Ophiolepid@, disc scales naked. 
Ophiolepis. Ophiopus. Amphturide, disc rugged and 
scaly. Amphiura, Ophiopholis. Ophiomyxide, disc 
naked. Ophiomyxa. Oral clefts with pale angulares: 
Ophiocomide, disc covered with solid plates. Ophiocoma. 
B. Oral clefts unarmed. Ophiothricide, radial plates very 
large. Ophiothrix. ‘ 

2. Order: Euryalidea. Arms simple or branched, and 
capable of being rolled up towards the mouth, without 
plates. No spines, but tufts of papille on the ventral 
surface of the arms; ten genital slits. <Astrophyton. 
Asteronyx. 

IV Crass: Asteroidea. (Star-fish.) Echinoderms 
with dorso-ventrically compressed pentagonal or star- 
shaped body; ambulacra restricted to the oral half. The 
skeleton is made up of plates or thick rods, composed of 
' a dense calcareous network. A deep groove radiating 
from the mouth to the end of the ray marks the 
position of each ambulacrum, laterally supported by 
two series of ambulacral ossicles connected by trans- 
verse muscles and articulated together like vertebrz in 
the middle line or roof of the grove, with spaces between 
their lateral processes for the passage of the vessel con- 
necting the ampulle with the radial vessel and the tube 
feet. The ambulacral nerve and canal are situated out- 
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side the ossicles. At the circumference of the oval disc 
the ossicles of the ambulacra, smaller, and closely united 
together form a pentagon, the angles of which correspond 
to the ambulacral grooves, round the cesophagus. The 
joined outer ends of the pair of ambulacral ossicles near- 
est the mouth project on the oval side and are armed 
with strong spines, covered with pedicellariz, small, 
pincer-like bodies, which during life twist and snap 
about. ‘The wall of the body upon the aboral face and 
the sides of the rays is also armed with spines, to which 
pedicellariz are attached. Mouth always in the centre 
of the ventral surface, in a pentagonal or star-shaped 
depression, surrounded by stiff papille. Five pairs of 
Polian vesicles project from the circumoral canal; the 
madreporic canal branches off from the latter opposite 
one of the inter-radial folds; taking a sinuous course, it 
passes to the aboral surface, terminating beneath the 
madreporic body. Lines drawn from the mouth along 
each ambulacrum are termed radii; the regions between 
the ambulacra are inter-radial. Anus usually present at 
the aboral pole. Madreporic plate and genital pores 
inter-radially upon the aboral surface. Multi-lobed, 
branched diverticula of the stomach extend into the 
cavities of the anus, likewise the generative organs. 
Some are developed within the brood pouches of the 
mother; the majority pass through free larval stages. 
They all possess great powers of regeneration. Live on 
rocky coasts. 

1. Order: Astertidea. Ambulacral feet end in broad 
suctorial discs, arranged in fourrows. Asterias. Helias- 
ter. Anasterias. 

2. Order: Echinasteridea. ‘Two rows of cylindrical am- 
bulacral feet. Families: Solasteride. Dorsal skeleton 
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reticulate. Acanthaster. Solaster. Echinaster. Linckiade: 
dorsal skeleton of longitudinally arranged, or rounded, 
or quadrangular vesicles; integument granulated. Ophz- 
diaster. Linckia. Gontasteride: dorsal and ventral mar- 
ginal plates very distinct. Pentagonaster. Gontodiscus. 
Asterinide: skeletal vesicles imbricated. Asterina. Fal- 
mipes. 

3. Order: Astropectinidea, ambulacral feet conical and 
without suctorial disc. Families: Astropectinida, skele- 
ton of paxille. Astropecten. Lutdia. Ctenodiscus. 
Pterasteride. Integument supported by spines, radiat- 
ing from the prominent skeletal ossicles. /evaster. 

4. Order: Brisingidea. Body shaped like an Ophiu- 
roid. Rays long, distinct from disc with only a narrow 
internal cavity. Srisinga. | 

V Crass: Holothuroidea. (Sea cucumbers.) Ver- 
miform Echinoderms. The body-wall consists of an 
external cellular ectoderm, covering a layer of connec- 
tive tissue, within which are circular and longitudinal 
muscular fibres, arranged in five bands and attached 
anteriorly to a corresponding number of the pieces of a 
calcareous cesophageal ring (composed of 10 or 12 sepa- 
rate ossicles). The Holothurians exhibit bilateral sym- 
metry and resemble greatly the Gephyrea. The ambula- 
cral feet may be either confined to the three rays of the 
trivium, or uniformly distributed over the surface of the 
body (especially the ventral side) or wanting altogether. 
Contractile tentacles surround the mouth, communicat- 
ing with the water vascular system and representing 
specially modified ambulacra. The stone canal hangs 
freely in the body cavity, ending in a calcareous appara- 
tus the madreporic plate. Respiratory trees and excre- 
tory glands (Cuvier) may be present at the end of the 
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intestine. The generative organs consist of branched 
coecal tubuli, whose duct opens dorsally near the mouth. 
They are of separate sexes, except Synapta. Develop- 
ment usually direct. The Holothurians bury themselves 
in the sand near the coast. They likewise possess great 
powers of regeneration. 

1. Order: Apneumona. Respiratory trees and Cu- 
vierian organ wanting; mouth and anus at opposite ends 
of the body; five ambulacral furrows; hermaphrodites. 
Families: Synzaptide. Without pedicels. Synapta. 
Chirodota. Oncinolabide. Without pedicels. Echino- 
soma. 

2. Order: TZetrapneumona. Four respiratory trees; ’ 
body flask-shaped ; mouth and anus at the same end; 
the former surrounded by ten tentacles and ten calcareous 
plates, the latter by as many papille and plates. Only 
genus: Rhopalodina lagentformis. 

3. Order: Dipneumona. Two respiratory trees; Cu- 
vierian organs present; mouth and anus polar; pedicels 
inasingle row. Families: Lzodermatide. No pedicels; 
tentacles varying. Lzosoma. Dendrochirote, tentacles 
branched. Zhyone. Cucumaria. Psolus. Aspidochirote, 
tentacles shield-shaped. olothurza. | 

Organization of Echinodermata. ‘The primitive ances- 
tral type of the Echinodermata is most probably repre- 
sented by the stalked Cystidea, for it must. be assumed 
that the influence of the sessile mode of life produced, 
just as in other groups, the radial structure. Their form 
is spheroid and in the simplest cases without brachial 
elongations. The protecting polygonal plates exhibit at 
first an irregular arrangement without any indication of 
radition. However, five radial furrows extend from the 
mouth, resembling the ambulacral grooves upon the disc 
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of a Crinoid or Asteroid. A continuation of the sessile 
mode of life largely aided in completing the radial struc- 
ture, until a type was reached similar to the following 
fundamental form. ‘The Jody represents a spheroid with 
the principal (long) axis somewhat shortened and the 
poles flattened and dissimilar; the one (oval) containing 
the mouth, the other (anal) the anus. Five planes pass- 
ing through the long axis of this spheroid will divide 
the body each into two bilaterally symmetrical halves. - 
Thus the meridians arise which are separated from one 
another by equal intervals. Five alternate ones, called 
the principal rays or radzz, contain the most important 
organs (nerves, vascular canals, ambulacral feet, etc.), 
while the other five meridians constitute the intermediate 
tays or zzfer-radiz, also containing certain organs. But 
only the regular Echinoderms present a pentamerous radial 
atrangement with complete radial and interradial sym- 
metry; however, since certain organs always remain 
unpaired; symmetry is, even here, not perfect. When 
one of the rays differs in size from the others an 
trregularity arises, the plane of the unpaired ray forming 
a median plane, on each side of which two pairs of equal 
rays are repeated. These form the wight and Jeft sides 
of the body, whilst the unpaired radius constitutes the 
anterior, the paired radius the posterior end, the apical 
pole represents the upper surface, the oral pole the under 
surface. In the zvvegular Sea-urchins this symmetry 
becomes still more perfect, inasmuch as the anus occurs 
on the ventral side of the unpaired inter-radius Clypea- 
stridea), or both poles (sometimes only the oral) are 
shifted in the direction of the unpaired radius, thus 
becoming eccentric (Spalangide). The distribution of 


the organs of locomotion (ambulacra) along all the five rays 
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is of rare occurrence (in only a few regular Echinoder- 
mata). The oral pole usually becomes the ventral sur- 
face to which the organs of locomotion are confined. 
Irregular Echinodermata move in the direction of the 
unpaired ray, which causes the shifting of the oval pole 
in that direction, leaving the two posterior (dzvzum) radii 
to form the ventral surface. In the case of the Holo- 
thurians which obtained a cylindrical form by an elon- 
gation of the axis, the unpaired radius with its inter- 
radius marks the dorsal and ventral surface. ‘The body 
is compressed in such a manner that three radii (¢vzvzumz) 
with their organs of Jocomotion are placed on the ventral 
surface. In other cases the radii may become two or 
three times as long as the inter-radii until the body 
assumes the shape of a star which may be either flat or 
arched. (Compare classification. ) 
The cellular ectoderm of the body of the Echinodeeies 
is provided with a thin cuticle, bearing numerous cilia. 
Beneath this lies a mesoderm containing connective and 
muscular elements, in which calcareous deposits are lodged. 
These give rise to a solid, more or less movable skeleton, 
which constitutes an zmportant characteristic of this group. 
A ciliated epithelium lines the perivisceral cavity. The 
separate elements of the skeleton are the ossicula, the 
spines attached to them by ligamentous fibres, and the 
calcareous structures contained in the pedicellarieg. On 
the antambulacral wall (of the Asteroidea) the ossicula 
(or plates) are generally elongated rods of very unequal 
lengths, with open meshes between and bearing different 
processes. Along the margin there is usually a row of 
larger calcareous plates, the superior marginal plates. 
On the oral surface we distinguish besides the internally 
placed ambulacral ossicles, the infertor marginal vesicles, 
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the adambulacral plates, and the znter-ambulacral plates ; 
_ the two last correspond to the inter-ambulacral plates of 
the Echinoidea (compare classification), but are disposed 
along opposite sides of adjacent arms. The spines of 
the Sea-urchins are moved laterally by special muscles 
developed in a soft superficial integumental layer. As 
to pedicellarize compare the notes given under the special 
classes. Around the mouth of the Sea-urchin and on 
the dorsal surface of the Starfish are small transparent 
bodies, spheridia, which are probably sense organs. In 
the Spatangidz there are peculiar bands upon the upper 
surface, the fascioles or semit@, which bear bristles with 
cilia (Wavule). Inthe Holothuroidea the skeletal struc-. 
tures are confined to isolated calcareous bodies, embedded 
in the integument and resembling latticed plates, wheels 
or anchors. The dermal muscular system consists here of 
five pairs of longitudinal muscle-bundles surrounded by 
a layer of circular muscular fibres which line the internal 
surface of the integument. 

Perhaps the chief characteristic of the Echinodermata 
is the possession of the peculiar water.vascular system 
and of the distensible amdulacral feet connected with it. 
It consists of the civcumoral ambulacral vessel, lying close 
to the ossicles to which the margins of the oral mem- 
brane are attaclied, and of five radial canals extending 
into the rays. Along opposite sides of the radial canal 
numerous short branches (internally ciliated) pass from 
it, each opening between the ambulazcral ossicles into the 
neck of a contractile muscular sac (ampulla), situated in 
the interior of the ray. The neck of each ampulla passes 
in opposite directions into one of the ambulacral feet 
(pedicels), which are the lateral appendages of the five 
or more radial trunks, thus affording a communication 
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between them and the circumoral canal. They control 
by means of a water current the contraction and disten- 
tion of these feet, enabling them to fasten themselves 
by means of their sucking discs, and to move (in most 
cases) the body in the direction of the radii. ‘The dis- 
tribution of these feet, and the formation of an ambula- 
cral and antambulacral zone, has been indicated in the 
classification. The circumoral canal of the Holothurians 
gives off anterior branches to the tentacles round the 
mouth. As each enters its tentacle, it dilates and sends 
down a short ceecal prolongation on the outer side of the 
calcareous ring. There are four kinds of ambulacral 
feet-in the Spatangidea. They are either simple loco- 
motive organs, with or without suctorial discs, tactile 
feet with papillose extremities, or gill-like, more or less” 
pectinated appendages, arranged over rosette shaped 
areas. In the Clypeastridea the petaloid portions of the 
ambulacra possess both branchial and delicate locomotive 
(with suckers) pedicels. Very frequently a number of 
small eminences, consisting of ccecal vesicles (Polian 
vesicles) are seated upon and open into the circumoral 
canal; likewise a number of racemose appendages whose 
function is still disputed. A stone canal (rarely more 
than one) proceeding from the circumoral vessel permits 
the communication between the sea-water and the fluid 
of the water vascular system. It receives its name from 
the calcereous deposits in its walls. May be suspended 
within the body and take up fluid through the pores in ~ 
its walls, or it may end in a porous, calcareous plate 
(madreporic plate or body), which is inserted in the exter- 
nal cavity of the body. Its-position varies considerably, 
as indicated in the classification. 

The alimentary canal of the Echinodermata consists of 
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cesophagus, stomach and rectum. ‘The mouth is often 
surrounded by projecting skeletal plates provided with 
spicules. In the Cidaridea and Clypeastridea a powerful 
masticatory apparatus is developed known by the name 
of ‘‘Aristotle’s lantern.’’ It consists of five hollow, 
‘wedge-shaped, calcareous pieces—the alveoli—each of 
which is composed of two halves united together in the 
middle line; each half again consists of a superior 
(epiphysis) and an inferior principal portion. From 
each alveolus projects a long pointed tooth, and strong 
muscular fibres (inter-alveolar) unite the aiveoli into a 
one shaped apparatus; theepiphyses of each pair of alveoli 
are connected by long radial (articulated) pieces, the 
rotule, each of which articulates internally with aslender 
arcuated rod which terminates above the rotula in a free 
bifurcated extremity, the radius. The alveoli and teeth are 
interambulacral, the radiiandrotule are ambulacral. Pro- 
tractor muscles arise from the interambulacral region of 
the oval edge and are inserted into the upper part of 
the alveoli; slender oblique muscles of similar origin are 
inserted into the radii; transverse muscles connect the 
radii together and retractor muscles from the ambulacral 
arches are inserted into the oval ends of the alveoli. 
The cesophagus of the Asteroidea opens into a wide 
stomach enlarging into five cardiac sacs whose walls are 
composed of many sacculi. Each cardiac sac may extend 
a short distance into the cavity of the corresponding 
ray. On the aboral side of these diverticula the alimen- 
tary canal abruptly narrows and then dilates again into 
a pentagonal pyloric sac whose angles divide and pass 
as parallel multilobed diverticula (liver) along either 
(aboral) side of each ray. Pairs of mesenteric folds fasten 
the alimentary canal to the body wall. The five diverti; 
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cula of the short rectum which fall in the inter-radii are 
much shorter and perhaps perform the functions of neph- 
vidia. ‘The narrow intestine of Comatula, Sea-urchins 
and Hothurians is much increased in length and either 
coiled or folded. ‘The anus of all Echinoderms is usually 
placed at the centre of the apical pole, rarely in an in- 
ter-radius on the ventral side. 

The true vascular system of the Echinoderms consists of 
two ring-like vascular plexus, one around the cesophagus 
and one on the aboral surface; the former sends off 
branched radial vessels, the latter supplies the stomach 
and genital organs. Both rings are connected by a so- 
called heart (connected with the stone canal in the As- 
teroidea) composed of a plexus of contractile vessels. In 
the Holothurians only the cesophageal circular vessel 
with two trunks, giving off branches to the intestine, 
has been observed. A watery fluid containing nucleated 
cells which exhibit amceboid movements fills not only 
the blood-vascular system, but also the vessels and the 
peritoneal cavity of the body and rays. ‘The vascular 
rings are the result of the metamorphosis of saccular 
diverticula of the alimentary canal (ccelom), which have 
encroached upon and largely diminished the primitive 
body cavity. 

The function of respiration is largely performed by the 
ciliated surface of the organs suspended in the body 
cavity and of the external appendages, which keep the 
traversing sea water in constant motion.’ Special organs 
of respiration are the ambulacal branchiz of the irregular 
Sea urchins, the dermal branchie (simple tubes) covering 
the whole surface of the Asteroidea, the five pairs of 
branched tubes surrounding the mouth of Echini, and 
especially the so-called respiratory trees of the Holothurti- 
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ans, two large tree-like branched tubes, which open by 
a common stem into the cloaca. The functions of the 
respiratory tree of the Starfish is still a matter of dis- 
pute. 

The central nervous system of the Echinodermata con- 
sists of band-like thickenings of the ectoderm, which in 
the Asteroidea are situated, one in each ray, beneath the 
epidermis of the ambulacral groove, external to the blood 
vessel and water-vascular canal, sending off numerous 
fibres to the muscles of the spines, the ambulacral feet, 
pedicellariz, etc. Followed to the base of the rays they 
reach the oral disc at the periphery of which they divide 
and, skirting the margin of the disc, join to form a sub- 
pentagonal ring (containing’ ganglion cells) round the 
mouth; in the opposite direction they end upon the eyes. 
and their tentacles. The eye at the ventral termination of 
each ray represents a spherical protuberance, the conical 
surface of which is covered by a membrane which covers 
a number of conical simple eyes, each consisting of a red 
mass of pigment around a refractive body anda nervous 
apparatus. In,the Cidaridea they represent five tentacle- 
like prominences with nerve endings, situated on special 
plates (ocular plates) at the apical pole. The tentacle-like 
ambulacral foot at the end of each ray (in Asteroidea 
and Ophiuroidea) seems to be of tactile character, just as 
the tentacles of the Holothuroidea and the tactile feet of 
the Spatangide. 

The number and position of the genital organs gen- 
erally correspond to the radial structure. The five-lobed 
ova or testes of the Echinoidea are situated in the inter- 
radii immediately beneath the genital plates around the 
apical pole through which they open; in the irregular 
Spatangide there may be only two or three glands the 
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generative organs of the posterior inter-radius being 
always absent; in the Asteroidea the five pairs of genital © 
glands have the same interradial position, extending 
sometimes into the rays, and opening through numerous 
pores on the interradial dorsalside. In the Ophiuroidea 
ten lobed generative glands are developed around the 
stomach (comp. classification); those of the Crinoidea 
are concealed in the arms and pinnules; those of the 
Holothuroidea are reduced to one branched gland the 
duct of which opens on the dorsal side of the interior 
pole. The organs of the two sexes are in all cases 
extremely alike; they only differ somewhat in color, the 
seminal fluid being white, the ovaredor yellow. Sexual 
differences or dimorphism is very rare. Ova and sper- 
matazoa first unite in the sea water, after ejection from 
the parental body. Internal fertilization only occurs in 
several viviparous species of Amphiura and Phillophorus 
(Claus). 

The development of the different classes of the Echino- 
dermata shows their close relationship. It manifests 
itself in four stages: (1) in the formation of the primary 
germ layers and of the mesenchyma, as well as of the be- 
ginning of mouth and anus; (2) in the rise of enterocoelum 
and hydroceelum; (3) in the development of the typical 
larval forms; and (4) in the transformation of the larva 
into the EHchinoderm. Segmentation is always total and 
nearly equal resulting in a ciliated blastula. From this 
a typical invagination gastrula is developed; mesen- 
chyma cells separate from the invaginated part (Ante- 
don, Astropecten, Synapta). In the Echinoidea and 
Ophiuroidea the mesenchyma arises before gastru- 
lation, but likewise from the entodermal portion of 
the blastula. The mesenchyma has the same origin 
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as the mesodermal structures, which separate from the 
ccelom as ccelom sacs. The next process is the constric-. 
tion of the embryonic structures of body cavity and 
water-vascular system, which arise as diverticula of the 
ceelom. Ludwig calls them enteroccelom and hydro- 
ceelom; Selenka uses for both the name vaso-peritoneal 
vesicle. They separate into two enteroccela and the 
hydroccelom, the latter of which opens externally by a 
dorsal porus. The blastoporus becomes wherever it is 
retained, the anus. The mouth originates through the 
union of coelom and ectoderm; different modes of life, 
however, condition variations in the formation of mouth 
and anus. Although the external form of the different 
larve varies greatly, there are nevertheless certain ex- 
ternal essential points of resemblance, among which the 
common ciliated band is most prominent. Thus the 
larva of Antedon, which differs from all others in form, 
resembles the so-called pupa of the Holothuroidea in the 
possession of five ciliated bands. Even the development 
of the various systems of organs shows marked coinci- 
dences, so, e. g., the water vascular system, the nervous 
system and especially the muscular structure. The rise 
and final union of the ambulacral and anti-ambulacral 
surfaces are of the very same character in the Brachio- 
laria (Asteroidea) and Pluteus (Ophiuroidea) larve. 
There exists a certain similarity between the larve of 
Crinoids and Holothurians with regard to the formation 
of tentacles at the base of an oral vestibulum produced 
by an ectodermal invagination. Nothing definite can 
be said in reference to the various calcareous skeletons. 

All Echinoderms possess a radial structure but their 
larve are of a bilaterally symmetrical structure, both 


internally and externally. The transformation or meta- 
M* 
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morphosis of the latter into the former is simplest in the © 
Holothuroidea. ‘The lobed processes of the larva (Auri- 
cularia) disappear, the ciliated band divides into separate 
pieces, which change their longitudinal into a transverse 
position. ‘The margin of the larval body becomes even 
and the larva assumes a cylindrical shape; the pieces of 
the ciliated bands unite laterally into five rings surround- 
ing the body like loops (pupa stage); four of these pieces 
unite into a ring around the mouth and gradually move 
into the interior of the larva, forming finally the cesopha- 
geal nerve-ring. After this the water-vascular system 
differentiates by secondary anterior and posterior evagi- 
nations of the water-vascular ring; finally the ambula- 
cral feet make their appearance, being evaginations of 
the ambulacral radial vessel, and the tentacles protrude 
through the mouth opening, the animal begins to move 
about. ‘ 

It is difficult to show their phylogenetic relation- 
ship. Various theories have been advanced, but none 
is satisfactory. It is most likely that palaeontology 
furnishes the best solution of the question. ‘The relation 
between modern Echinodermata and the Cystidea has 
been indicated above. However, no one can tell where 
the bilateral ancestors of the radial type may be found. 
The trochophora larva shows certain resemblances, but 
the difference in the distribution of the cilia and the ab- 
scence of a vertex plate make a definite decision very 
difficult. It is however firmly established that the devel- 
opment of the body cavity as it takes place in the Annu- 
lata and that of the Echinodermata indicate the same 
origin, so that the mesoderm of the Annulata and that of 
the Echinodermata must be considered as homologous. 
There are even indications which establish the relation 
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of the Echinodermata to segmented forms. (Korschelt 
and Heider.) : 

_ Appendix; Emnteropneusta. The isolated genus 
Balanoglossus is generally classified under the above 
head and forms, together with the Echinodermata, Hat- 
schek’s type Ambulacralia. Prof. E. D. Cope .and 
others assign it as superclass I (Hlemichorda) a position 
among the Vertebrata. As such it consists of but one 
class the Enteropneusta with but one order the Helmin- 
thophya, represented by one family the Balanoglosside, 
including species of worm-like form which burrow in 
the soil of the sea coast below high tide. Palanoglossus 
cdavigerus (Della Chiage). &. minutus (Kowalewsky). 
B. Kowalewskit (Al. Agassiz). B. Brooksit (Bateson). 
B. salmoneus (Giard). B&B. robinii (Giard). — 

_ Balanoglossus represents an elongated vermiform body 
consisting of a distinct so-called anterior gland or prvo- 
boscis, followed by a muscular col/ay and the g7ll region 
which gradually passes into the posterior portion of the 
body. Proboscis and collar serve as locomotory organs 
(boring themselves by peristaltic motions through the 
sand, which passes through the alimentary canal) and 
are therefore composed of external circular and internal 
longitudinal muscles. Cavities present in the two organs 
between the longitudinal muscles and the connective 
tissue cells communicate through dorsal pores with the 
outside, allowing the influx of water. On that account 
these cavities have been compared with the water- 
vascular system of the Echinodermata. Others maintain 
that they are simply excretory organs, which might by 
true on account of the (excretory?) glandular structure 
present in the proboscis. The alimentary canal, begin- 
ning with the broad mouth opening immediately beneath 
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the proboscis, extends in an almost straight line through 
the body. Of great importance are its diventricula. A _ 
dorsal evagination protrudes into the base of the proboscis. 
Between the ventral wall of the former and the epidermis 
of the latter the anterior part of the so-called Apvobosets- 
skeleton is situated, whilst its two posterior branches, 
situated in the folds of the alimentary canal, clasp the 
foregut. Bateson and Kohler compare this structure to — 
the chords of the Vertebrata. That portion of the ali- 
mentary canal which follows the collar region contains 
dorsally the dvanchial diverticula, usually situated along 
both sides of the median region and lined by a ciliated 
epithelium. They open through passages on the dorsal 
surface, and their position is easily recognized by the 
transverse arches connecting the individual pairs of 
diverticula; a chitinous skeleton supports their walls. 
The water passes from the mouth through the foregut 
into the branchiz and thraugh the pores outward. Some 
distance behind the branchial region the alimentary 
canal evaginates into hepatic diverticula, which cause a 
bulging out of the external integument. Median dorsal 
and ventral mesenteris fasten the alimentary canal and- 
divide the dody-cavity into a right and left partition (in 
some cases fusing dorsally). The body cavity of the 
collar is different in structure and origin from that of the 
trunk,.being however, largely reduced by the accumu- 
lation of connective and muscular tissues, whilst the 
latter (maintained by Spengel and denied by Kohler) 
largely remains, its walls being composed of the longi- 
tudinal and circular muscles of the somatic and splanch- 
nic layers. | 

The dlood-vascular system consists of two principal 
vessels, one situated along the dorsal median line (current 
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anteriorly) and the other along the ventral median line 
(current posteriorly); both give off branches at regular 
intervals to the body wall and.the organs. Kovalewsky 
maintains also the presence of ¢wo lateral vessels, which 
receive branches from the alimentary canal and the gills. 
The nature of the saccular structure at the floor of the 
proboscis, considered by some as the central organ of the 
blood system, is still disputed. The central nervous sys- 
tem consists of a thick cord, situated in the median 
region of the collar. Bateson maintains that it contains 
a central canal similar to that of the spinal cord of Verte- 
brates, others however affirm only the presence of irreg- 
ular interstices; its interior fuses at the posterior (and 
interior) end with the epithelial cells of the body wall. 
This central cord gives off a strong nerve which extend 
along the dorsal median line of the body. It branches 
behind the collar and uniting below in the region of the 
first pair of branchiz, these nerves continue towards the © 
posterior end of the body as the ventral median nezve. 
The genital organs of Balanoglossus lie either within or 
back of the gill-region. The sexes are separate; male 
and female organs are of the same form and occupy 
the same position in either sex; they consist of simple 
or branched tubes lying along the side of the body and 
opening in rows along the dorsal surface. Insome forms 
two median rows occur, situated between the branchial - 
diverticula and the dorsal vessel. The portion follow- 
ing the branchial region is sometimes very highly devel- 
oped and differentiated as a special genital region. 

The genital products are ejected into the water through 
the ruptured body wall; after which fertilization takes 
place. Segmentation is total and nearly equal, result- 
ing in a blastula, followed by a typical invagination gas- 
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trula. Development is either direct from the egg to the 
adult, or it passes through a larval stage, whose form 
resembles the larve of the Echinodermata. Joh. Muller 
named it 7Zorsnavia. At an early stage an unpaired evagi- 
nation of the ccelom arises, which in its structure is said 
to correspond to the water-vascular vesicle of the Echino- 
derms, opening to the outside through a dorsal process. 
The proboscis, whose internal walls are formed by the 
so-called water-vascular vessel, has therefore been looked 
upon as the only remnant of the ambulacral tentacles. 
However, it is difficult -to carry the comparison any 
further; the characteristic ciliated band of the Echino- 
derms exhibits an entirely different arrangement in 
Tornaria. ‘The presence of a vertex plate with its eyes 
and nerve cord rather suggests a relation of the latter to 
the trochophora. ‘The existence of gills led to the as- 
sumption that Balanoglossus might belong to the Chor- 
data (Balfour). A comparison with Amphioxus showed 
certain relations with regard to the gills, the alimentary 
diverticulum with its skeletal body (chorda) and the 
mode of origin of the nervous system. A further re- 
markable resemblance exists between the anterior coelom 
sacs of Balanoglossus and the anterior ccelom diverticula 
of Amphioxus, one of which enlarges and leads through 
a ciliated canal outward, thus corresponding exactly to 
the so-called water-vascular vesicle or anterior ccelom sac 
of the Balanoglossus larva. However, all these phe- 
nomena do not furnish a sure basis for the above assump- 
tion (Korschelt and Heider). 


TUNICATA. 


_ A remarkable and in many respects isolated groups of 
marine animals of bilateral, saccular or barrel-shaped 
form, which owe their name to a gelatinous or cartilag- 
inous envelope or mantle completely surrounding the 
body. Since Kowalewsky’s splendid discoveries, in 1866, 
the Tunicata have frequently been classified among the 
Vertebrates under the superclass of Urochorda on account 
of the presence of a notochord-like skeletal axis in the 
tail. Their respiration is pharyngeal; a distinct saccular 
heart occurs. The branch consists of both free and com- 
posite, fixed and free organisms. 

I Crass: Ascidiz. Mostly fixed form enveloped in a 
tunic of saccular shape. The inhalent (mouth) and exhal- 
ent pores are close together. The former, possessing in 
many cases four, six or eight marginal lobes, can be closed 
by a sphincter muscle; the margin of the latter, situated 
dorsally behind the mouth, is often similarly divided and 
can also be closed. Branchial sac large, containing a 
circle of simple tentacles. Alimentary canal elongate, 
often causing a constriction of the body into thorax and 
abdomen. ‘They either remain solitary, and are then of 
considerable size, or they form colonies without being 
enveloped in a common mantle; or numerous individuals 
live in a common mantle, arranged around a central 
opening, which leads into the openings of individual 
groups. 

1. Order: Larvacea, Small, free-swimming, pelagic 
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Ascidians, with large swimming tail containing a skele- 
tal axis (urochord). Branchial sac an enlarged pharynx 
with two ventral ciliated openings (stigmata); heart with 
two slits but no vessels. Anus opens ventrally in front 
of stigmata. Nocloacal chamber. Nervous system con- 
sists of cerebral ganglion with three constrictions, and a 
long nerve cord running down to the tail along the left 
side of the urochord. ‘They resemble the larve of other 
Ascidians. Some have a shell-like covering. Repro- 
duction without budding or metamorphosis. Family: 
A ppendiculariide, with short body, long tail and straight 
endostyle in Ozkopleura (Appendicularia); or with long 
body (with antericr ectédermal hood), short tail and 
recurved endostyle in Fritllaria,; or without heart, endo- 
style and intestine in Kowalevskia. 

2. Order: Ascidiacea. Sessile solitory or free swim- 
ming compound ascidians; adult without tail and noto- 
chord; with well-developed permanent test, increasing 
with the age of the individual. Branchial sac large and 
perforated by numerous stigmata which lead into the 
peribranchial cavity and open to the exterior by the 
atrial aperture. Reproduction. frequently by budding; 
in other cases embryo with tailed larva. 

I. Suborder: Ascidie simplices. Solitary forms large 
and surrounded by a very thick and hard cartilaginous 
mantle with protuberances of various kinds. The col- 
onies or social Ascidians have a common circulation, but 
each individual has its own test of a transparent hyaline 
consistency. 1. Family: Clavellinide, simple Ascidians 
which reproduce by budding to form colonies, the buds 
arising from a common branched stolon; body sometimes 
divided in three regions. Fcteinascidia. Clavellina. 
Perophora. 2. Family: Asczdizdz, solitary sessile Asci- 
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dians of considerable size; rarely aggregated, and then 
without common mantle and blood vessels; mantle par- 
enchyma gelatinous; branchial sac not folded, its aper- 
tures eight-lobed. Aypobythius. Ciona. Ascidia. Rhodo- 
soma. Abyssascidia. Corella. Corynascidia. Chelyosoma. 
3. Family: Cynthitde, solitary sessile, with leathery 
mantle parenchyma; branchial sac longitudinally folded, 
its aperture four-lobed. Styela. Bathyoncus. Cynthia. 
Boltenia. Culeolus. Cheveulius. 4. Family: Molgulide, 
solitary forms, sometimes free; mantle parenchyma, in- 
crusted with sand; branchial sac longitudinally folded, its 
aperture six-lobed. Molgula. LEugyra. In Anurella, 
direct development takes place. 

2. Suborder: Ascidie composite. Sessile Ascidians 
enclosed in a common mantle layer and grouped around 
a common cloaca (Botryllus), forming a soft, bright- 
colored colony; mantle mass permeated by vascular 
eanals. 1. Family: Dzstomide, divided into thorax and 
abdomen, vas deferens not spirally coiled. Dzstoma. 
Distaplia. Collella. Chondrostachys. 2. Family: Celo- 
cormide, colony not fixed. Celocormus. 3. Family: 
Didemnide, mantle-parenchyma with calcareous spicules, 
vas deferens spirally coiled. Didemnum. Leptochinum. 
4. Family: Diplosomide, mantle parenchyma reduced, 
rarely containing spicules; vas deferens not spirally 
coiled. Diplosoma. 5. Family: Polychinide, zooids 
divided into thorax, abdomen and postabdomen, numer- 
ous testes. Pharyngodictyon. Polychinum. Aplidium. 
Amaroncium. 6. Family: Sotryllide, most complete 
colonies, viscera of the simple undivided body side by 
side of the respiratory cavity, Botryllus. Botrylloides. 
7. Family: Polystyelide, zooids not grouped in systems; 
branchial and atrial apertures four lobed. TZhylacitum, 
Goodsirta. Chorizocormus, 
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3. Suborder: Ascidie Salpiformes. Free-swimming 
pelagic colonies, shaped like a thimble or hollow cylinder 
closed at one end. The numerous individuals, of which 
these colonies are composed, are arranged at right angles 
to the long axis of the colony; the branchial apertures 
open on the outer surface, the atrial (exhalent apertures) 
on the inner into the common cloaca. The large bran- 
chial sac occupies the greater part of the body. The 
nerve ganglion contains a small pigmented sense organ. 
The alimentary canal is placed posteriorly to the bran- 
chial sac opening into a large peribranchial cavity, and 
the intestine and ovary being compressed together so 
that they resemble a nucleus. One ovuni is matured at 
atime. In all these respects they resemble the Salps. 
Sexual reproduction and budding take place in{the same 
individual, the latter by means of a stolon, beginning at 
the posterior end of entostyle; it is very complicated. In 
sexual reproduction the embryo (cyathozoozd) is developed 
within an ovarian sac, but produces by budding from a 
stolon a group of four ascidiozootds, from which the colony 
gradually increases. Only family: Pyvosomide (name 
from phosphorescent glands on either side of the anterior 
end of the branchial sac). Pyvosoma. 

II Ciass. Thaliacea. Free swimming transparent 
pelagic forms, either simple or compound (usually in 
double rows); adult always without tail and notochord. 
The body is cylindrical or cask-shaped. Mantle apertures 
at opposite ends of the body. Mouth usually a trans- 
verse slit with movable lips. The band-shaped gill, 
situated in the large respiratory cavity has either two 
large (Salpa) or many small apertures (Doliolum), lead- 
ing to a single peribranchial cavity, into which the 
anus opens. Alimentary canal, heart and generative 
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organs are closely packed together at the ventral pos- 
terior end, forming a brightly colored mass, the so-called 
nucleus. The nervous ganglion situated along the mid- 
dle of the dorsal margin sends off numerous nerves to the 
body and sense organs. Hight or nine circular muscle 
bands surround the body and effect rapid locomotion, 
which together with the highly developed nervous system 
makes this order far superior to the Ascidians. Alter- 
nation of generations occurs and may be complicated by 
polymorphism. 

1. Order: Hemimyaria. Body more or less fusiform, 
with the long axis antero-posterior and the branchial 
and atrial aperture nearly terminal. Anterior opening 
with a valve-like closable lips. Gill, a median band 
extending from the ganglion to the oval region. Free- 
Swimming solitary forms alternate in their sexual con- 
dition with colonies budded from stolons and united in 
chains; proterogynous. The single ovum develops into 
an embryo within the brood-pouch of the viviparous 
mother by means of a placenta, and becomes a single 
Salpa (asexual). 1. Family: Salpzde. Salpa. 2. Fam- 
ily: Octacnemide. Octacnemus. 

2. Order: Cyclomyaria. Body cask-shaped, branchial 
and atrial apertures surrounded by lobes. Gill rather | 
large, occupying the anterior dorsal half or more of the 
body, stigmata usually represented by two lateral rows 
in the posterior part only. Alimentary canal not com- 
pressed intoanucleus. Ovaries with more than one egg. 
Testes and ovaria ripen at the same time. Complicated 
alternation of generations. Never formcolonies. Fam- 
ily: Doliokde. Doliolum. Anchinia. 

Organization and development. ‘The form of the body 
of the Tunicata exhibits in the various divisions such 
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remarkable modifications that a mutual relationship can 
scarcely be recognized. In the’ lowest forms the body 
consists of two divisions, the anterior enclosing the most 
important organs and exhibiting bilateral-symmetry, and 
the posterior or tail-portion projecting ventrally at an 
angle from the latter and appearing like a simple append- 
age. In the highest Tunicates (Doliolum) a similar pro-— 
cess is found only in the young which seems to prove 
that the ancestral type possessed such a tail-like region. 
The power of locomotion is lost with the propelling tail, 
the adult becomes sessile, and its external appearance 
simplified, whilst the internal structure becomes more 
complicated. A special chamber with the function of a 
cloaca arises into which the atrial aperture leads. The 
free-swimming Hemimyaria and Cyclomyaria propel 
themselves by means of their body walls, the orifices 
assume extreme anterior and posterior positions. The 
investment of the body consists, in its primitive condition, 
of a single layer of flattened cells formed from the ecto- 
derm and largely representing the body-wall. In the 
lowest Ascidians the cells around the inhalent orifice 
enlarge and secrete a gelatinous substance, which grad- 
ually envelopes a part or the whole of the body 
serving as a protecting enxvelope or test. In the higher 
Tunicata a firm cuticular secretion is produced by the 
whole body surface, varying from the softness of jelly 
to the hardness of cartilage and assuming the characters 
of connective substance, in which cel/ulose is embedded. 
This is the outer mandle. Complications of the mantle 
arise through the entering of numerous blood-vessels 
(Ascidia, L.), andin Chevreulius by the development of 
two valves, movable like shells. In colonies only mantle 
may enclose all the indiyiduals, Also numerous other 


TUNICATA. 285 


integmentary formations may arise, such as unicellular 
gland, hair-like processes, calcareous spicules, etc. The 
axial organ present in the tail of the Appendiculariz 
may be looked upon as a skeleton, composed of cells 
which secrete a homogeneous elastic chord enclosed in a 
continuous sheath. This organ is homologous (in posi- 
tion) with the chorda dorsalis of the Vertebrata, a fact 
which justifies the classification of the Tunicata together 
with the Vertebrata under the common head of Chordonii 
(Hatschek). The muscular system is chiefly developed 
around the respiratory cavity, consisting in the Ascid- 
ians of three layers, an external and internal longi- 
tudinal, and an internal circular layer; in the Salps 
of band-like rings of muscles embedded in the body 
wall, serving also functions of locomotion; in the-Ap- 
pendiculariz they are confined to a dorsal and ventral 
band of the tail. The central nervous system arises from 
a differentiation of the ectoderm and occupies a dorsal 
position, which distinguished the Tunicata from all other 
invertebrate animals. It consists of an anterior ganglion, 
divided into three consecutive lobes, produced by an un- 
equal thickening of the wall of the original ectodemal 
tube; the foremost is (in Ascidiz and Salpz) in close con- 
nection with the origin of the visual organ. Peripheral 
nerves pass out from the anterior ganglion, encircling 
the inhalent aperture; others pass to the muscles, viscera 
and sense organs. In the larval Arcidians and the 
adult Appendiculariz the nervous system is made up of 
an anterior elongated ganglion with three dilatations 
and a chord which passes posteriorly to the end of the 
tail, where it forms three ganglionic swellings, the first 
of which is most constant and regarded as the central 
organ of the nervous system. With the atrophy of the 
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tail the caudal division of the nerve-centre disappears 
and the anterior portion becomes more elaborate. The 
lobes of the oval and atrial apertures and the tentacles 
serve as organs of sense. A more differentiated organ of 
sense is the so called ciliated groove, clothed with flagel- 

late cells and situated either in front of the ganglion or on 
that surface of the ganglion which is turned towards the 
branchial chamber; it is considered as an olfactory organ.. 
An auditory vesicle is present on the left side of the gang- 
lion (paired in Pyrosoma). Aye spots have been observed 
on the lips of the large openings in the simple and com- 
pound Ascidians. In Salpa the eye is represented by a 
spherical process with a brownish-red pigment spot and 
numerous rod-shaped structures. The alimentary canal 
(arising from the entoderm) forms the part of the body 
which is most peculiar in the Tunicata. The anterior 
portion of the foregut is transformed into a respiratory 
organ similar to that of the Enteropneusta. The anterior 
mantle-opening or mouth leads into this cavity, admit- 
ting the water which not only brings nutrient matter, 
but serves also for respiration, finding its exit through 
special openings (stigmata arranged metamerically) in 
the wall of -the pharynx (sometimes a special peribran- 
chial chamber surrounds the latter) whilst the food par- 
ticles are directed to the alimentary canal proper by 
special arrangements. The special form of the vespira- 
tory organ presents numerous modifications of systematic 
value (comp. classif.). A ciliated groove bounded by two 
folds extends along the middle ventral line of the latticed 
branchial sac (in Ascidians) between the mouth and the 
cesophagus. The glandular walls of this groove are 
called the exdostyle. Near its foremost extremity ciliate 
tracts commence which embrace the entrance to the res- 
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piratory chamber and continue dorsally either to the 
cesophagus or to the neighborhood of the great ganglion, 
taking a spiral turn on the way or ending in a ciliated 
groove, (similar organ in Balanoglossus). The alimen- 
tary tract succeeding the respiratory cavity consists of a 
ciliated funnel-shaped cesophagus, of a stomach usually 
provided with hepatic diverticula and of asmall intestine 
forming a loop and opening into the cloacal cavity. The 
_ blood-vascular system of the Appendiculariz consists of a 
heart, a short sac with its end attached totwocells whilst 
its delicate walls present two longitudinal slits placed on 
opposite sides. In the others vascular trunks (lacunz) 
pass from the heart into a system of spaces in the body 
_ wall through which the blood passes (of special compli- 
cation in the Ascidians). Of great importance are the 
two longitudinal vessels, one in the median dorsal line 
and the other beneath the ventral groove, both connected 
by transverse anastomosing channels placed in the wall 
of the branchial cavity and communicating with a num- 
ber of lacune in the respiratory organ, over whose sur- 
face the water is continually renewed. Thus it appears 
that a portion of the primitive body cavity (a modified 
form of enteroccelom) is taken up by the blood vessels. 
Peculiar to all Tunicata is the alternating direction of the 
blood-current, produced by the heart (compare Phoronis), 
so that we cannot speak of an arterial and a venous 
division of the vascular system. Organs of excretion are 
only present to a very limited extend, a tubular glandu- 
lar organ without openings has been found near the 
branchial chamber or further back in many Ascidians. 
Only the Appendiculariz possess sexual organs uni- 
versally; a large number of the other Tunicata is devoid 
of such on account of the frequent asexual reproduction, 


288 TUNICATA, 


which resembles the process of multiplication by bud- 
ding. All the members of this branch are hermaphro- 
dite; the genital glands, which may be either simple or 
complicated, are situated among the viscera in the anter- 
ior part of the body. Male and female organs may ripen 
their products at different times. Fertilization and em- 
bryonic development usually takes place in the cloacal 
chamber, the embryo within the egg membrane either 
leaving early through the exhalent aperture, or at later - 
stage of development, being meanwhile nourished by a 
sort of placenta. 

Colonies are formed in various ways. ‘Those of the 
Ascidiana are produced by means of a stolon sent forth 
by the parent, and composed of ectodermal and ento- 
dermal elements. It may directly grow into an organi- 
zation similar to the parent, or it may produce a second 
bud, both together developing and producing each a new 
bud, and so on until eight buds are formed, when the 
mother dies and the young animals are left in communi- 
cation with one another by means of a cloaca, constitut- 
ing a rosette-shaped group. Sexual organs are only 
found in the colonies; persons developing from an egg 
never acquire such organs in the compound Ascidians. 
In the higher Tunicata colonies are formed by a special 
organ, situated either upon the dorsal surface (Cyclo- 
myaria) of the body, or ventrally within a cavity (Hem- 
imyaria), and called the germ-stock or stolo prolifer. 
In the former the buds arise from the stolon by short 
processes; in the latter the stolon becomes a part of the 
new outgrowth. An alternation of generations arises 
here likewise, inasmuch as the forms provided with a 
stolon are always permanently devoid of sexual organs, 
whilst the individuals derived from the stolo prolifer are 
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sexual. In Doliolum, however, several generations suc- 
ceed one another in the cycle of development. 

The embryonic development of the Ascidians resembles 
that of the lower Vertebrates, especially of Amphioxus. 
Segmentation is total and equal, resulting in a spherical 
_blastula which changes into an invagination gastrula, 
from the ectoderm of which the neural tube is devel- 
oped. ‘The axial skeletal structure arises from a double 
row of entoderm cells (like the chorda dorsalis). Ali- 
mentary canal, nervous system and notochord occupy an 
analogous position to those of the Vertebrates. ‘The 
movable larva (Ascidian tad-pole), swims about freely, 
often producing a colony before becoming fixed. It 
possesses the essential characters of the Chordata, inas- 
much as it has a longitudinal skeletal axis (notochord) 
separating a dorsally-placed nervous system from a ven- 
tral alimentary canal. After it has fixed itself it under- 
goes a remarkable series of retrogressive changes, which 
convert it into the adult Ascidian. The important con- 
clusion drawn from all this is, that the Zunicata are the 
degenerate descendants of a group of Chordata. 


VERTEBRATA. 


Bilaterally symmetrical animals possessing an internal 
skeleton (vertebral column) which traverses the longitu- 
dinal axis of the body dividing it into a number of 
metameres (primitive vertebree). This skeleton sepa- 
rates a dorsal from a ventral division of the body; its 
dorsal processes (upper vertebral arches) enclose the 
nervous centres (brain and spinal cord), and its ventral 
processes (ribs), the digestive canal continued from a 
respiratory chamber and with its differentiations em- 
bedded in a ccelom. There are at most two pairs of 
limbs. 

*I Superclass: Cephalochorda. No anterior dilatation 
of the nerve tube to form a (traces of a brain differ- 
entiation in Amphioxus have recently been observed by 
Hatschek, predicating undoubted similarities to the 
higher Vertebrates) brain and no specialized skeletal 
brain-case, notochord, a simple rod, extending from one 
extremity of the elongate body to the other, ending 
beyond the nerve-cord. | 

I Crass: Acrania. Walls of the body a series of 
muscular segments (myotomes) not in any way fused to 
form a head or cranial structure; no jaws nor extremities; 
pharyngeal walls fissured, heart a longitudinal vessel, 
which gives off branchial vessels, uniting into an aorta; | 
a liver and vena cava present. 


*Compare E. D. Cope’s ‘‘ Paleontology of the Vertebrata.’’ 1891. 
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Only Order: Leptocardii. Somewhat asymmetrical. 
Pharyngeal fissures enclosed externally by a fold of the 
integument, which forms a chamber (atrium) with in- 
ferior openings of the alimentary canal at opposite ex- 
tremities. Amphioxus. 

II Superclass: Craniata. Tubular cerebro-spinal 
nerve-mass, swollen anteriorly to form a brain, consisting 
primarily of three successive vessels, from the anterior 
of which olfactory organs and the eyes originate. Car- 
tilaginous cranium or brain-case round the anterior ex- 
tremity of nerxe cord, enlarging laterally to protect the 
brain. The cartilage is in most cases replaced by bone. 

I Ciass: Agnatha. No lower jaw nor pectoral arch. © 
Internal skeleton cartilaginous. Largest number extinct. 

1. Subclass: Ostracophort. An osseous dermal skeleton 
with lateral limblike appendages. Extinct. ; 

2. Subclass: MWarsipobranchiz. Vermiform. No osse- 
ous skeleton nor lateral limblike appendages. No ex- 
tinct species known. 

1. Order: Ayperotrex. Branchial fissures communi- 
cating directly with the pharynx; nasal sac perforating 
the palate. AMyxinide. (Hags.) Ldellostomide. 

2. Order: Hyperoarti. Branchial fissures communi- 
cating with a common branchial passage which opens 
into the pharynx; nasal sac not perforating palate. 
Petromyzontide. (Lampreys.) 

II Criass: Pisces. Lower jaw and pectoral arch 
present. Basicranial axis not ossified; vertebral column 
consisting chiefly of intercentra. Limbs represented by 
many radiate fins, which are also present on the median 
lines of the body; a coracoid bone; heart with two 
chambers; cold-blooded ; breath by means of gills; one 
orno occipetal condyles; no internal nares. - First two 
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subclasses without, second two with suspensorium of the 
mandible. 

1. Subclass: Holocephalt. No dermal cranial ossifica-= 
tions ; ventral claspers; no opercular bones; small oper- 
cular membrane; no maxillary arch. 

Only order: Chime@roidei. (Sea-cats.) A single ex- 
ternal branchial fissure; actinotrichia present; basilars, 
axonosts, and neural spines articulating with each 
other; pectoral fin pleuribasal, with three axonosts and 
and numerous basilars ; ventrals with elongate axonosts 
and basilars. One pair of large teeth in the upper and 
two in the lower jaws. Chimera. Callorhynchus. 

2. Subclass: Dipnot. Scaly fishes with branchial and 
pulminary respiration, muscular conus arteriosus and 
soe valve in the intestines. 

. Order: Arthrodira. Notochord persistent. Paired 
Gus rudimentary or absent, pelvic elements double, 
lateral, body more or less protected by plates. Extinct. 

2. Order: Szvenoidea. Paired fins unibasal; pelvic ele- 
ments fused on the middle line; body without bony plates: 
Ceratotide. Lepidosirenide. 

3. Subclass: Elasmobranchii (Sharks). Cartilaginous 
fishes with large pelvic and pectoral fins, transverse 
mouth on the ventral side, with five pairs of branchial 
organs and branchial slits; muscular conus arteriosus 
with several rows of valves. Intestine with spiral valve. 

1. Order: /chthyotomz. Persisting notochord; paired 
fins unibasal and archipterygial; a basioccipital element. 
Extinct. 

2. Order: Selachit (Sharks and Rays). Paired fins pleu- 
ribasal; no basioccipital. 

1. Suborder: TZectospondyli. Body suppressed with 
branchial fissures, either ventral or lateral concentric 
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laminz of the vertebrz predominating over the radiating 
laminz; anal fin absent. Teeth inthe usual jaws. Peta- 
lontidz. Psammodontide. Rajidz. Rhinobatide. Try- 
gonidz. Myliobatidee (eagle rays). Spinacide. Teeth 
in a produced muzzle: Pristiophoride. Pristide (saw- 
fishes). 

2. Suborder: Asterospondyli. Radiating lamine of 
vertebrzee predominating over the concentric; anal fin 
present. Teeth molariform: Cestraciontidz, teeth sepa- 
rate. Cochliodontide, teeth confluent. Teeth with ele- 
vated cusps: Hexanchide. Scylliide. Lamnide. Car- 
chariidee. 

4. Subclass: Teleostom7 (true fishes). Fishes with bony 
skeleton, with free gills (four on each side) and an ex- 
~ ternal branchial operculum. Bulbus arteriosus with two 
valves at its base. Optic nerves do not form a chiasma. 

1. Superorder: RAipidopterygia. Median fins each with 
a single bone representing axonosts. Paired fins unibasal. 
Extinct. ; 

2. Superorder: Cvossopterygia. Median fins with numer- 
ous axonosts. Paired fins with baseosts, pectoral axo- 
nosts distinct from baseosts. Only living family: Polyp- 
teride. 

3. Superorder: Podopterygia. Median fins with numer- 
ous axonosts. Paired fins with baseosts; pectoral axonosts 
and baseosts confounded; pluribasal. 

1. Order: Lysopterz. Branchiostegal rays present. 
Extinct. 

2. Order: Chondrostiei. No branchiostegal rays;-de- 
generate representatives of the Podopterygia, deficient 
in various normal ossifications, middle line of the skull 
covered by dermal bones. Accipenseridz (sturgeons). 
Polyodontidz (paddle-fishes). 
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4. Superorder: Actinopterygia. Median fins with nu- 
merous axonosts; pectoral fins only with baseosts, con- 
founded with axonosts, and pluribasal. ‘They represent 
the finally specialized type of the true firsh. Skeletal 
parts of the true fins abbreviated, basilar elements sessile 
on the scapular; rays of the median fins distinctly devel- 
oped and articulated; tails usually homocercal; vertebree, 
in most cases ossified. . 

1. Tribe: MMalacopteri. Ventral fins abdominal; a 
ductus pneumaticus; no spinous dorsal fin; parietal bones 
not usually separated by supra occipital; scales usually 
cycloid. Represented by sixteen orders. 

2. Tribe: Aconthoptert. Ventral fins usually thoracic 
jugular; no ductus pneumaticus; usually a spinous dorsal 
fin; parietal bones usually separated by the supra occi- 
pital; scales usually ctenoid. Represented by ten orders. 

III Cuass: Batrachia. Lower jaw and pectoral arch 
present... Basicranial axis not ossified; vertebral column 
consisting chiefly of intercentra. Limbs consisting of 
one basal element, two propodials, and metapodials and 
digits; no median fins; lower jaw attached to a suspen- 
sorium, complex; no opercular bones; a caracoid; heart 
with three chambers; two occipital condyles; internal 
nares. | 

1. Subclass: Stegocephali. Basioccipital, supra-occi- 
pital, intercalary, and supra-temporal bones present; 
propodial bones distinct- Extinct. 

2. Subclass: Uvodela. Basioccipital, supraoccipital, 
and supratemporal bones wanting, propodial bones dis- 
tinct; no urostyle. 

. Order: Proteida. An os intercalare. Palatine arch 
oe vomer present. Family: Protidz, anterior limbs short 
with three digits; hindlimbs with two digits. Proteus, 
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2. Order: Pseudosauria. A maxillary arch and 
vomers; no os intercalare. Cryptobranchide. Ambly- 
stomidz. Salamandride. Amphinmide. 

3. Order: TZvachystomata. No os intercalare; no 
maxillary arch or vomers. Szventde. Rudimentary 
anterior limbs, without posterior limbs. Szven. 

3. Subclass: Salentia. Basioccipital, supraoccipetal, 
intercalare and supratemporals wanting; frontals and 
parietals connate; propodial bones connate; lumbosacral 
vertebrze united into a urostyle. 

Only order: Anuva. Vomers and palatopterygoid 
arch present. 

1. Aglossa. Internal nostrils opening together on the 
middle line; no tongue; carocoids connected by a carti- 
lage on each side. Xenopide. Pipide. 

2. Arcifera. Internal nostrils separate; a tongue; 
coracoids connected by a separate cartilage on each side, 
one overlapping the other. Ten families: Bufonide. 

3. Suborder: Fivmisternia. Internal nostrils sepa- 
rate; a tongue; asingle median cartilage connecting all 
the coracoids; scapular arch free. Eight families, 
Ranide. 

4. Suborder: Gastrechmia. As in the preceding, but 
scapular arch articulated to skull. Hemiside. 

IV Crass: Moncondylia. Basicranial axis ossified; 
vertebral column chiefly of centra; an amnion and 
alantois. Limbs asin Bratrachia ; one occipital condyle: 
a suspensorium of the lower jaw; mandible segmented ; 
ankles between first and second rows of carpal and tarsal 
bones ; heart with three or four chambers. 

1. Subclass: Reptilia. Anterior limbs ambulatory, 
with numerous carpal and metacarpal bones; two aorta 
roots; integument consisting partly of scales, In eight 
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out of the nine orders the quadrate bone is united with 
the postorbital bars by a suture; in the ninth it is loosely 
articulated with the postorbital bars and only proximally. 

1. Order: /chthyoptervgia, extinct. 

2. Order: Yestudinata. No supratemporal; sub- and 
post-pelvic ossifications; interclavic and clavicles sepa- 
rated from and below scapular arch; ribs oneheaded; 
caracoid large, free. A paroccipital bone. Suborders: 
Athece, \eather back turtles. 77conychotdea, soft or mud 
Tortoises. Cvyptodira, Turtles. Iand Tortoises. /Pleu- 
vodira, southern fresh water Tortoises. 

3, 4, 5, and 6. Orders: (Z7heromora, Plesiosauria, Ornt- 
thosaurta, Dinosauria) extinct. 

7. Order: Crocodilia. Cranium with two postorbital 
bars; no paroccipital bone. Suborders: Parasuchia and 
Pseudosuchia extinct. Husuchia. Nareal canal under- 
roofed to behind larynx; no clavicle; pubis excluded 
from acetabulum; external nostrils anterior. True croc- 
odiles. 

8. Order: Rhynchocephalia. Cranium with two postor- 
bital bars; no paroccipital bone. Ribs one-headed; an 
interclavicle; acetabulum closed; feet ambulatory. Sub- 
orders: Sphenodontina. One species of Sphenodontidz 
living in New Zealand. Choristodera. Extinct. 

9g. Order: Sguamata. Quadrate bone in contact only 
with adjacent elements; no paroccipital; supratemporal 
present; ribs one-headed; one or no postorbital bar. 
Suborders: Lacertilia (Lizards). Very numerous, eleven 
superfamilies with twenty-five families. Pythonomorpha, 
extinct. Ophzdia (Snakes) with six superfamilies and 
nineteen families. 

2. Subclass: Aves. Anterior limbs volant, with the 
carpels and metacarpels more or less coossified and re- 
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duced in numbers; integument consisting partly of 
feathers; one aorta root. : 

1. Superorder: Sawsur@. Metacarpal and carpal bones 
all distinct, the digits with ungues; caudal vertebre 
numerous unmodified; clavicles united; pelvic elements 
distinct; teeth present. Ovnzthopappi with Archeopteryx, 
extinct. 

2. Superorder: LAurhifidurze. Metacarpal and carpal 
bones reduced in number, coossified; ungues wanting or 
single; caudal vertebre reduced in number, the terminal 
areas usually coossified. 

1. Tribe: Ratitg. Ischium usually free from ilium pos- 
teriorly; palate dromzeognathous (i. e., maxillopalatines 
articulating with vomer, which is between them, pala- 
tines not articulating directly with sphenoid rostrum); no 
teeth. Four orders, two of which are living. Stvuthiones 
(Ostrich). Sternum without keel; clavicles; wings rudi- 
mental. <Afpteryges (Kiwis). Sternum without keel; no 
clavicles; wings rudimental. 

Second and third tribes (Odontolce, Odontotormz) are 
extinct. 

4. Tribe: uornithes. Ischium coossified with ilium 
posteriorly, palate not dromeeognathous; feathers dis- 
tributed in area, those of the wings much differentiated. 
Fifteen suborders of birds with numerous families belong 
here. 

5. Tribe: /mpennes. Ischium coossified with ilium; no 
teeth; feathers universally distributed and not differen- 
tiated on wings. ,Only order: P#ilopter with the family 
Aptenodytidz (penguins). . 

V Crass: MAMMALIA. Basicranial axis ossified; 
vertebral column of centra; an amnion and allantois. 


Limbs as above; two occipital condyles; no suspensorium, 
N* 
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of the lower jaw; mandible not segmented; ankles be- 
tween propodial bones and carpus or tarsus; heart with 
four chambers; warm-blooded. Viviparous, suckling 
their young with the secretion of milk glands (mam- 
maria). 

1. Subclass: Prototheria. An interclavicle;-a large 
caracoid articulating with the sternum. ‘Two orders 
extinct. Only living order: JJonotremata. Jaws elon- 
gated forming a beak; no true teeth at maturity; the 
feet are short, five toed, and furnished with strong claws; 
oviparous. Ornithorhynchide. No _ extinct species 
known. 

2. Subclass: Futheria. No interclavicle; caracoid 
very small, codssified with scapula; not reaching ster- 
num. 

1. Section: Didelphia. Marsupial pelvic bones; palate 
perforated ; vagina double; placenta wanting; corpus 
callosum rudimental ; cerebral hemispheres small. 

1. Order: Jarsupialia. (Kangaroos. Opossums.) 
One deciduous molar tooth. Pouch or marsupium en- 
closes the mammary glands and receives the helpless 
young after birth. 

2. Section: MWonodelphia. No marsupial bones; palate 
generally entire; one vagina; placenta and corpus cal- 
losum well developed. A. MWutilata. Posterior limbs 
wanting, or represented by minute rudiments; anterior 
limbs oarlike. | . 

2. Order: Cefacea. (Whales.) Elbow joint inflexible ; 
carpal discoid, and, with the phalanges separated by 
cartilage ; lowerjaw without ascending names; posterior 
limbs absent. Represented by three orders: Ascheocett. 
Odontocett. Mysticetz. 

3. Order: Szventa. Elbow joint flexible; carpals 
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and phalanges with close articulations ; mandible with 
ascending ramus. Incisors replaced; grinders flat, no 
canine teeth. Sirenia. 

B. Unguiculata. Posterior limbs present; unequal 
phalanges compressed and curved on one or all the feet. 
Carpal and tarsal bones generally in linear series. 

4. Order: Ldentata. Teeth without enamel; no 

incisors; limbs ambulatory ; hemispheres small. Ver- 
milinguia (Ant-eaters), Dasyopoda (Armadillos), Brady- 
poda (S/oths). 
_ 5. Order: Glives. ‘Teeth with enamel; incisors pres- 
ent. No postglenoid process; mandibular condyle not 
transverse; mastication proal; with freely movable 
clawed digits; hemispheres small. Suborders: Aytr7- 
comorpha (Porcupines, Cavies, etc.). Sczuromorpha (Bea- 
ver). Myomorpha (Mice, Rats, etc.). Lagomorpha (Rab- 
bits). 

6. Order: Chiroptera. Teeth as above. ‘Anterior 
limbs volant; hemispheres small. Suborders: Amzmalt- 
vora (insectivorous Bats). Frugivora (frugivorous Bats). 

7. Order:. Bunotheria. ‘Teeth as above. A_ post- 
glenoid process; mandibular condyle transverse; masti- 
cation orthal; no scapholunar bone; hemisphere usually 
small, smooth. Four suborders. One living. Jnsec- 
tivora (Hedgehogs, Shrews, Moles). 

8. Order: Carnivora. Teeth as above. A _ post- 
glenoid process; limbs not volant, with a scapholunar 
bone; mastication orthal; hemispheres larger, convoluted. 
With strongly clawed digits. Twosuborders: Fissipedia, 
digits distinct; posterior limbs free. Bear. Badger. 
Skunk. Sea-otter. Dog. Civet. Hyena. Cat. Pinnipedia, 
digits united into paddles by integument; hind limbs 
partly enclosed in generalintegument. Seals. Walruses. 
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9g. Order: Ancylopoda, Carpal and tarsal bones alter- 
nating; faceted. Anterior limbs prehensile; mandibular 
condyle and mastication transverse. Extinct. C. Un- 
gulata. Posterior limbs present; ungual ipa not 
compressed and hooked. 

10. Order: Zaxeopoda. Carpal and usually tarsal 
bones in linear series. Limbs ambulatory; teeth with 
enamel. Suborders: Quadrumana (lemurs). Axnthzo- 
pomorpha (Orang-outang. Gorilla. Man). 

11. Order: Zoxodontia. Carpal bones alternating ex 
ternally; tarsals in linear series; limbs ambulatory, me- 
dian digits longest; teeth with enamel. Extinct. 

12. Order: Proboscidea. 'Tarsal bones alternating; car- 
pels linear or reversed diplarthrous. Cuboid bone partly 
supporting navicular, not in contact with astragalus; no 
canine teeth. Long proboscis serving as prehensile 
organ. Hlephantidee. 

13. Order: Amblypoda. Both tarsal and carpal series 
more or less alternating; the distal row inwards. Os 
magnum not supporting scaphoides; cuboid supporting 
astragulus; superior molars tritubercular. Extinct. 

14. Order: Diptarthra. Tarsal and carpal series as 
in preceding; os magnum supporting scaphoides molars 
quadritubercular. The most specialized type of Mam- 
malia in regard to structure of skeleton dentition and 
digestive system, but inferior to the anthropomorphous 
Taxeopoda in the structure of the brain. Suborders: 
Perissodactyla (Rhinoceros. Tapir. Horse). <Avtiodactyla 
(Swine. ‘Boar. Hippopotainus. Dromedary. Camel. 
Giraffe. Musk Deer. Antelope. Gnu. Sheep. Goat. 
Ox; and allies). 

Inasmuch as the anatomy of the Vertebrates receives. 
special attention in all the smaller or larger text-books 
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on Practical Zoology, and is frequently taught as a sep- 
arate branch, we considered it sufficient to confine otr- 
selves here to a few remarks on the reproduction, devel- 
opment and phylogeny of this branch. 

Reproduction is always sexual, and separate sexes are 
the rule (except in Serranus scriba and partly in Bufo 
variabilis). The sexual organs are generally paired, 
opening either directly from the body cavity through 
genital pores to the exterior, or indirectly through 
paired ducts. These often unite in the lower Verte- 
biates, forming an unpaired canal which opens into the 
cloaca, or they are highly differentiated, and connected 
with accessory glands and copulatory organs, most com- 
‘plicated in the Mammalia. The large majority of Pisces, 
Batrachia and Monocondylia are oviparous, whilst all the 
Mammalia are viviparous. 

The development of the embryo begins either with a 
total equal, or unequal or discoidal segmentation (p. 
43), which usually results in a disc-like embryonic for- 
mation or blastoderm lying upon the yolk. The pos- 
terior end of the disc develops into the alimentary 
cavity, whilst the layers of the blastoderm thicken 
and form a primitive streak marking the long axis of the 
embryo. An ectodermal groove arises along the dorsal 
surface, growing together along the edges and forming 
an epithelial free tube (medullary) which gives rise to 
the spinal cord and the brain, and beneath which the 
entédermal notochord develops. The mesoderm ex- 
tends along the sides of these structures, forming two 
bands, the median portions of which become gradually 
segmented (proto vertebral plates), developing into the 
proto-vertebrze. Between these and the unsegmented 
lateral plates the archinephric duct separates off, while 
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the genital glands arise from the peritoneum of the 
lateral mesodermal plates. In the meantime the ali- 
mentary canal has become further developed on the 
ventral side of the blastoderm, gradually absorbing the 
yolk and usually leaving a yolk sac. Metamorphosis 
occurs only in the naked Salientia and several Fishes. 
In the Monocondylia and Mammalia the outer layer of 
the blastoderm is raised at the anterior and posterior end 
of the embryo, and forms two folds covering the head 
and tailend. These folds gradually fuse over the body 
and form a closed sac filled with fluid (amnion). An- 
other organ characteristic of the higher Vertebrates is 
the allantois correlated with the disappearance of branchial 
respiration and the complete absence of a metamorphosis. 
It arises at the posterior end of the body as a vesicular 
evagination of the ventral wall of the alimentary canal 
and grows into a large vascular sac filled with fluid, and 
representing an embryonic respiratory organ. 
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Eutheria, 208. 
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Function, 52. 
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Gastreeada, 76. 
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Gastropoda, 223. 
Gastrotricha, 117. 
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Hexapoda, 182. 
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Homophyly, 13. 
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Hydride, 81. 
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Hymenoptera, 188. 
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Intracellular, 60. 
Invasion, polar, 38. 
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Leukart, 76. 
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Madreporic plate, 268. 
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Marsipobranchil, 291. 
Marsupialia, 298. 
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Membrane, 24, 61. 
Meroblastic, 38. 
Mesenchynia, 42. 
Mesoderm, 37, 40, 66. 
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Myoblast, 46. 
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Nemathelmia, 105. 
Nematodes, 106. 
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Nephridium, 63. 
Nerve epithelia, 50. 
Nerve fibril, 47, 48. 


Nervous system, central, 49. 


Neuroptera, 186. 
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Nudibranchia, 229. 
Octopoda, 235. 
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Ophiuroidea, 260. 
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Osculosa, 20. 
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Ossicula, 266. 
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Placophora, 222. 


Plecoptera, 184. 
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Podopterygia, 293. 
Polar body, 33. 
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Polycystidea, 22. 
Polymorphisin, 29. 
Polyzoa, 97. 
Porifera, 77. 
Porulosa, 20. 
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Sarcodina, 19 
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Schizonemertini, 105. 
Schizopoda, 175. 
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Sense, organs of, 51, 53. 
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Seroso, 219. 
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Tracheata, 180. 
Trachomeduse, 83. 
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Trilobita, 177. 
Trivium, 266. 
Trochophora, 118. 
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Zo€a, 204. . 
Zonula Zinnii, 56. 
Zoology, 5. 
Zygoneura, 103. 
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